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_ ,  _ Logistics  Management  Institute 

Pentagon  New  Heating  and  Refrigeration  Plant 

Staffing  and  Training  Plan 

Executive  Summary 


The  Department  of  Defense  is  building  a  new  utilities  plant,  called  the  New 
Heating  and  Refrigeration  Plant  (NHRP),  to  replace  the  existing  Pentagon  Utili¬ 
ties  Plant  (PUP).  The  PUP,  completed  in  1943,  has  exceeded  its  design  life  and 
cannot  reliably  meet  the  Pentagon's  utility  needs.  Scheduled  for  completion  in 
FY96,  the  NHRP  will  incorporate  computerized  control  systems  as  well  as  ad¬ 
vanced  technology  for  some  of  the  equipment.  The  effective  use  of  advanced 
technologies  will  require  a  substantially  different  combination  of  technical  skills 
and  management  support  to  ensure  successful  operations.  Also,  because  of  the 
requirement  for  uninterrupted  operation  of  the  mechanical  and  utility  systems 
for  the  Pentagon,  the  transition  from  the  old  to  the  new  plant  must  be  carefully 
planned. 

The  staffing  and  training  plan  we  developed  proposes  that  the  NHRP  be 
managed,  operated,  and  maintained  by  a  staff  of  34  personnel,  about  half  the 
number  of  positions  at  the  PUP.  Major  maintenance  and  repairs  will  be  done  by 
the  supplier  of  the  equipment  while  it  is  imder  warranty;  thereafter,  those  func¬ 
tions  should  be  performed  by  plant  staff  or  be  contracted.  The  organizational 
structure  of  the  NHRP  staff  will  be  similar  to  that  at  the  PUP  but  streamlined. 

While  the  size  of  the  staff  can  be  reduced,  the  skill  levels  must  be  increased. 
In  particular,  the  use  of  distributed  process  controls,  as  well  as  digital  controls  on 
individual  equipment,  means  that  much  of  the  staff  will  need  to  become  knowl¬ 
edgeable  about  interfaces  with  digital  equipment,  and  some  staff  will  need  ad¬ 
vanced  knowledge  about  distributed  process  control  and  communications 
systems.  In  addition,  some  NHRP  personnel  wiU  have  to  be  cross-trained  to  per¬ 
form  duties  outside  of  traditional  roles. 

The  recommended  staffing  levels  and  qualifications  are  comparable  to  those 
at  similar  facilities.  The  recommendations  are  based  on  a  comparison  of  existing 
and  new  plant  systems  and  equipment;  no  formal  job  or  task  analysis  has  been 
performed  for  the  new  plant.  Although  we  have  developed  broad  job  qualifica¬ 
tion  statements,  we  have  not  developed  detailed  screening  criteria  for  staff  quali¬ 
fications. 

We  recommend  that  the  plant  manager  and  the  operations  and  maintenance 
manager  be  assigned  to  start  some  15  to  18  months  before  the  plant  is  completed. 
The  shift  foremen  should  start  about  6  months  before  plant  completion,  and  shift 
personnel  should  be  on  site  when  start-up  tests  begin.  Other  maintenance 


personnel  should  begin  2  to  3  months  before  the  plant  is  completed,  and  admin¬ 
istrative  personnel,  about  1  month  before. 

Training  on  individual  pieces  of  plant  equipment  will  be  provided  initially 
by  the  manufacturers  and  suppliers  of  that  equipment.  Much  of  that  will  be  on- 
the-job  training.  Areas  for  which  additional  training  should  be  provided  are 
(1)  a  general  orientation  for  all  NHRP  personnel  of  the  plant,  including  an  over¬ 
view  of  the  plant  systems,  followed  by  a  walkdown  of  plant  areas;  (2)  hardware 
and  software  development  training;  and  (3)  integrated,  hands-on  plant  control 
training,  preferably  using  a  training  simulator,  for  each  member  of  the  operating 
crew.  To  support  the  training  program,  documentation  —  particularly,  detailed 
systems  descriptions  and  lesson  plans  —  needs  to  be  developed  using,  as  a  basis, 
information  supplied  by  the  manufacturers.  We  recommend  that  a  plan  be  put 
in  place  to  develop  systems  descriptions,  operating  procedures,  and  training  les¬ 
son  plans  on  a  schedule  that  will  support  start-up  activities  at  the  new  plant. 
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Chapter  1 

Introduction 


The  Department  of  Defense  is  building  a  new  utilities  plant,  called  the  New 
Heating  and  Refrigeration  Plant  (NHRP),  to  replace  the  existing  Pentagon  Utili¬ 
ties  Plant  (PUP).  The  PUP,  completed  in  1943,  has  exceeded  its  design  life  and 
cannot  reliably  meet  the  Pentagon's  utility  needs.  To  continue  operation  of  the 
plant,  DoD  has  had  to  lease  equipment.  The  plant  serves  the  Pentagon,  Navy 
Annex  (Federal  Office  Building  2),  and  Marine  Corps  Headquarters  (Henderson 
Hall). 

Scheduled  for  completion  in  FY96,  the  NHRP  will  incorporate  advanced 
technology  for  much  of  the  equipment  and  the  computerized  control  systems, 
"l^e  use  of  advanced  technologies  will  require  a  substantially  different  combina¬ 
tion  of  technical  skills  and  management  support  to  ensure  successful  operations. 
Also,  because  of  the  requirement  for  uninterrupted  operation  of  the  Pentagon, 
the  transition  from  the  old  to  the  new  plant  must  be  carefully  planned. 

^e  DoD  tasked  the  Logistics  Management  Institute  (LMI)  to  identify  the 
specific  staffing  and  training  requirements  for  operation  and  maintenance  of  the 
new  plant  as  well  as  identify  the  transitional  issues  that  may  affect  initiation  of 
operations  at  the  new  plant.  MPR  Associates  is  assisting  LMI  in  this  effort.  This 
final  report  includes  all  of  the  products  specified  in  the  Task  Order  WH401. 

To  accomplish  this  task,  LMI  identified  the  existing  plant  systems  and  the 
operation,  maintenance,  and  repair  functions  of  the  existing  staff;  identified  the 
major  systems,  including  the  new  technologies,  in  the  new  plant;  and  compared 
the  new  plant  systems  to  the  existing  systems  to  estimate  likely  staffing  needs  of 
the  new  plant.  Identification  of  staffing  needs  included  development  of  an  or¬ 
ganization  chart  and,  for  each  position,  determination  of  the  required  level  of 
education,  on-the-job  training,  specific  skills  and  knowledge,  and  licensing.  In 
addition,  we  evaluated  transitional  needs  (new  plant  testing  and  start-up)  and 
developed  a  plan,  including  training  needs,  for  the  transition  of  plant  operations 
and  personnel  from  the  existing  to  the  new  functions.  Finally,  we  evaluated  the 
extent  and  type  of  support  services  needed  at  the  new  plant  and  identified  those 
tiiat  should  be  contracted. 

Information  regarding  the  distributed  control  system,  its  interfaces  with  the 
major  equipment,  and  the  associated  operator  interfaces  is  still  being  developed 
by  the  systems  integrator,  MACS.  That  system  and  its  interfaces  will  have  a  sig¬ 
nificant  impact  on  training,  operating  procedures,  and  maintenance  require¬ 
ments  for  the  new  plant.  Furthermore,  the  quality  of  the  information  and  the 
acquired  skills  of  the  operations  and  maintenance  personnel  responsible  for  the 
system  and  its  interfaces  will  have  a  direct  bearing  on  the  success  and  schedule 
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of  plant  start-up  activities  as  well  as  on  the  subsequent  reliability  of  new  plant 
operations. 

This  report  is  organized  as  follows: 

♦  Chapter  2  summarizes  our  conclusions  and  recommendations. 

♦  Chapter  3  compares  the  physical  arrangement,  mechanical  and  electrical  sys¬ 
tems,  and  system  controls  of  the  existing  and  new  plants.  It  focuses  on  the 
differences  that  will  affect  staffing  requirements 

♦  Chapter  4  presents  the  staffing  plan  for  the  new  plant. 

♦  Chapter  5  identifies  training  requirements  and  presents  a  training  plan. 

♦  Chapter  6  discusses  support  services. 

Additional  detail  is  provided  in  the  appendices.  Appendices  A  and  B  de¬ 
scribe  the  systems  and  controls  used  in  the  PUP  and  the  NHRP,  respectively. 
Appendix  C  presents  detailed  job  descriptions  for  positions  in  the  new  plant. 
Appendix  D  presents  the  results  of  a  survey  of  staffing  levels  at  other  utilities 
plants. 


Chapter  2 

Conclusions  and  Recommendations 


The  principal  functions  of  the  PUP  and  the  NHRP  are  the  same  —  to  provide 
the  Pentagon,  FOB  2,  and  Henderson  Hall  with  steam,  chilled  water,  and 
sewage/ wastewater  service  and  to  distribute  electrical  power  to  those  buildings. 
Therefore,  the  NHRFs  systems  will  be  similar  to  those  used  in  the  PUP;  how¬ 
ever,  the  NHRP  will  have  more  than  double  the  amount  of  equipment.  Specifi¬ 
cally,  it  wm  have  six  40,000-pound-per-hour  boilers  and  ten  3,750-ton  chillers.  In 
addition,  the  NHRP  will  have  five  3,600-kW  emergency  diesel  generators. 

Although  the  NHRP  will  have  more  equipment,  operations  generally  shoxdd 
be  easier,  both  because  the  physical  arrangement  of  Ae  plant  is  more  compact 
and  because  all  of  the  boilers  and  all  of  the  chillers  will  be  identical,  which  is  not 
the  case  for  the  PUP.  Automation  also  will  facilitate  plant  operations. 

We  recommend  a  staffing  level  at  the  NHRP  of  34  people,  about  half  the 
number  of  positions  at  the  PUP.  This  number  is  slightly  higher  than  the  staffing 
levels  at  comparable,  nongovernment  facilities,  but  we  believe  that  it  is  reason¬ 
able  since  loss  of  service  cannot  be  tolerated.  The  organization  of  the  NHRP 
should  be  similar  to  that  of  the  mP,  because  the  mission,  objectives,  and  equip¬ 
ment  are  similar.  However,  the  NHRFs  organization  will  be  streamlined. 

While  the  size  of  the  staff  can  be  reduced,  the  skill  levels  must  be  increased. 
Of  the  differences  between  the  PUP  and  NHRP,  the  use  of  distributed  process 
controls  in  the  NHRP  will  have  the  greatest  impact,  by  far,  on  the  qualification 
requirements  of  tiie  NHRP  staff.  Some  advanced  knowledge  of  process  theory 
and  system  dynamics  is  essential  to  interpret  computer  displays  and  to  deter¬ 
mine  when  process  controls  are  malfunctioning.  Skills  for  supporting  the  ad¬ 
vanced  digital  control  and  communications  systems  also  will  be  required.  In 
addition,  to  provide  the  flexibility  necessary  with  reduced  staffing,  some  NHRP 
personnel  will  have  to  be  cross-trained  to  perform  duties  outside  of  traditional 
roles.  For  example,  electricians  will  be  called  upon  to  repair  instruments  or  to 
start  the  diesel  generators,  and  boiler  operators  may  need  to  operate  circuit 
breakers  for  the  chiller  motors. 

The  recommendations  are  based  on  a  comparison  of  existing  and  new  plant 
systems  cuid  equipment;  and  comparison  with  other  similar  facilities.  The  rec¬ 
ommended  staffing  levels  and  qualifications  are  comparable  to  those  at  similar 
facilities.  Although  we  have  develojjed  broad  job  qualification  statements,  we 
have  not  developed  detailed  screening  criteria  for  staff  qualifications. 

The  key  events  setting  the  recommended  rate  of  personnel  loading  are 
chiller  and  toiler  installation  and  testing,  training,  and  testing  of  control  systems. 
We  recommend  early  start  dates  for  the  plant  manager  and  the  operations  and 
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maintenance  manager;  15  to  18  months  before  plant  completion,  or  sometime  in 
the  third  calendar  quarter  of  1994,  would  be  appropriate.  Starting  early  would 
enable  the  plant  manager  and  the  operations  and  maintenance  managers  to  pro¬ 
vide  input  on  control  room  layout,  arrangement  and  sequencing  of  annimciators, 
cmd  selection  of  CRT  screens.  Shift  foreman  should  be  phased  in  thereafter,  from 
December  1994  to  May  1995.  Shift  personnel  (operators  and  maintenance  per¬ 
sonnel)  should  be  assigned  to  coincide  with  training  and  start-up  tests,  i.e.,  on 
site  by  the  beginning  of  September  1995.  Other  maintenance  personnel  should 
begin  2  to  3  months  and  administrative  personnel  about  1  month  before  the  plant 
is  completed. 

Most  of  the  staff  for  NHRP  likely  will  be  drawn  from  the  PUP  staff,  which 
should  facilitate  the  transition  to  the  new  plant.  The  control  system  at  the  new 
plant  is  significantly  different,  however,  and  will  have  a  major  effect  on  plant  op¬ 
eration.  Thus,  a  broad-based  training  program  that  can  accommodate  Ae  differ¬ 
ent  experience  and  skill  levels  of  the  various  persormel  will  be  needed,  along 
with  screening  criteria  to  ensure  that  adequate  skills  have  been  acqtiired. 

The  manufacturers  and  suppliers  of  the  new  NHRP  equipment  will  provide 
operation  and  maintenance  manuals,  which  are  simple  compilations  of  product 
literature  by  the  various  vendors,  along  with  some  on-site  training  on  individual 
pieces  of  equipment.  No  provisions  have  yet  been  made  to  train  staff  in  the  op¬ 
eration  and  maintenance  of  plant  systems,  nor  have  system  descriptions  been 
prepared;  those  are  equally  important  and  are  needed  for  the  long-term  opera¬ 
tion  of  the  plant.  (BeU-BQ  has  indicated  that  it  expects  to  cover  plmt  systems 
during  the  training  phase,  but  that  training  will  be  simply  a  review  of  the  plant 
arrangement  and  system  drawings;  it  will  not  include  instructions  in  plant  op¬ 
eration  and  maintenance.)  We  recommend  that  a  plan  be  put  in  place  to  develop 
systems  descriptions,  operation  procedures,  and  lesson  plans  on  a  schedule  that 
wiU  support  the  new  plant  start-up  and  training  activities. 

Senior  plant  management  and  shift  supervisors  should  be  brought  on  board 
well  in  advance  of  plant  operation  so  they  can  direct  their  efforts  to  the  prepara¬ 
tion  of  operating  procedures  and  manuals  and  to  the  development  of  a  long-term 
training  program.  The  systems  operations  manuals  should  be  prepared  imder 
the  direction  of  the  plant  manager  by  individuals  skilled  at  such  tasks. 

Areas  for  which  additional  training  should  be  provided  are  (1)  a  general  ori¬ 
entation  for  aU  NHRP  personnel  of  the  plant,  including  an  overview  of  the  plant 
systems,  followed  by  a  walkdown  of  plant  areas;  (2)  hardware  and  software  de¬ 
velopment  training  for  the  electronic  industrial  controls  mechanics  and  the  com¬ 
puter  systems  specialist,  covering  a  6-month  span  from  Jime  to  December  1995 
and  conducted  periodically  during  the  evolution  of  systems  installation  and 
tests;  and  (3)  integrated,  hands-on  plant  control  training,  preferably  using  a 
training  simulator,  for  each  member  of  the  operating  crew  (cunrently  scheduled 
operator  training  is  limited  to  classroom  teacHng  only  and  only  for  10  people). 

A  simulator  should  be  considered  not  only  for  training  (both  before  start-up 
and  for  the  long  term)  but  as  a  platform  for  qualifying  operators  and  for  staffing 
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studies  for  operations.  In  addition,  changes  to  software  and  screens  identified 
training  activities  could  be  made  part  of  the  control  system  debugging  process 
the  simulator  is  obtained  early  in  the  system  design  evolution.  This  debugging 
process  would  be  expected  to  identify  first-time  design  implementation  and 
minimize  plant  start-up  delays  and  damage  to  equipment.  Since  involvement  by 
the  controls  system  designer  and  by  the  suppliers  of  the  boilers  and  chillers 
would  be  necessary,  the  most  opportune  time  for  the  development  of  the  simula¬ 
tor  is  now.  We  recommend,  as  a  minimum,  that  steps  be  taken  as  soon  as  possi¬ 
ble  to  determine  the  cost  and  benefit  of  having  a  simulator  for  the  NHRP. 
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Chapter  3 

Comparison  of  Existing  and  New  Plants 


The  principal  functions  of  both  the  PUP  and  the  NHRP  are  the  same  —  to 
provide  steam,  chilled  water,  and  sewage/wastewater  service  and  to  distribute 
electrical  power  to  the  Pentagon,  FOB  2,  and  Henderson  Hall.  Both  plants  there¬ 
fore  contain  similar  systems  and  equipment.  However,  some  features  of  the 
NHRFs  physical  arrangement,  die  numbers  and  ratings  of  its  mechanical  and 
electrical  systems,  and  its  system  controls  are  sufficiently  different  from  those  of 
the  existing  plant  to  have  an  effect  on  staffing  requirements.  Those  features  are 
summarized  below.  Appendices  A  and  B  provide  more  detailed  descriptions  of 
the  plants. 


Physical  Arrangement 


Both  the  PUP  and  the  NHRP  have  separate  areas  for  the  chillers,  boilers,  and 
electrical  switchgear.  However,  the  general  arrangement  in  the  new  plant  is 
more  compact  and  amenable  to  waUc-around  inspections. 

In  the  PUP,  the  one  original  boiler  still  operating  is  located  in  the  main 
building,  and  the  three  rental  boilers  are  located  in  another  building  on  the  south 
side  of  the  main  building.  Similarly,  the  four  original  chillers  still  operating  are 
in  the  main  building,  and  the  seven  rental  chillers  are  in  an  adjacent  building. 
The  major  electrical  switchgear  for  the  PUP  is  located  in  two  buildings  across  the 
road  from  the  main  building.  The  PUP  control  room  is  located  on  the  operating 
floor  of  die  boiler  room  and  contains  only  a  master  steam  pressure  control  and 
controls  for  the  fixed  boiler.  The  use  of  fixed  and  rental  boilers  and  chillers 
spread  between  two  buildings  in  the  PUP  complex,  combined  with  the  lack  of  a 
centralized  control  center  from  which  the  equipment  can  be  monitored,  means 
that  operating  personnel  must  walk  considerable  distances,  both  inside  and  out¬ 
doors,  to  take  readings  and  to  check,  start,  and  stop  equipment.  The  physical  ar¬ 
rangement  of  the  PUP  not  only  may  require  more  personnel  in  normi  operating 
conditions,  but  may  hinder  personnel  from  taking  corrective  steps  quickly  dur¬ 
ing  an  emergency. 

In  contrast,  the  arrangement  of  the  NHRP  is  such  that  operating  personnel 
should  be  able  to  move  quickly  among  the  chillers,  boilers,  and  electrical  equip¬ 
ment  rooms.  All  major  equipment  is  located  under  one  roof,  with  the  chillers  on 
the  north,  file  boilers  on  the  south,  and  the  electrical  switchgear  in  the  middle. 
The  control  room  is  located  on  the  second  floor  above  one  of  the  electrical  load 
centers  and  overlooks  both  the  chiller  room  and  the  boiler  room.  Windows  lo¬ 
cated  in  the  control  room  and  in  the  second  floor  passageway  of  the  NHRP  allow 
visual  observation  of  much  of  the  critical  equipment.  In  addition,  the  control 
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console  work  station  and  annunciators  in  the  control  room  enable  centralized 
monitoring  so  that  corrective  steps  can  be  initiated  rapidly  in  an  emergency. 


Mechanical  Systems 

Table  3-1  lists  the  major  equipment  in  the  principal  mechanical  systems  in 
the  PUP  and  NHRP.  The  systems  include  steam  generation,  feedwater  and  wa¬ 
ter  treatment,  fuel  storage  and  supply,  steam  distribution  and  condensate  return, 
refrigeration,  auxiliary,  and  sewage  systems. 

Steam  Generation  Systems 

The  PUP  has  one  permanent  boiler,  which  is  rated  at  125,000  pounds  per 
hour  and  has  an  operating  pressure  of  125  psig,  and  tiiree  rental  boilers  rated  at 
60,000  pounds  per  hour  and  125  psig.  The  combination  of  fixed  and  rental  boil¬ 
ers  witih  different  designs  and  controls  makes  PUP  operations  complex.  (The 
combination  has  relatively  no  effect  on  maintenance,  however,  because  the 
owner  of  the  rental  units  is  responsible  for  major  maintenance.)  The  NHRP  will 
have  six  boilers  rated  at  40,000  pounds  per  hour  and  125  psig.  Because  the  de¬ 
sign  and  controls  of  the  new  boilers  are  identical,  operation  of  the  NHRP  should 
be  easier.  With  age,  the  boilers  in  the  NHRP  will  require  increased  maintenance, 
but  since  the  primary  fuel  is  natural  gas,  degradation  should  be  gradual. 

The  soot  blowers  in  the  PUP  are  operated  with  compressed  air;  tiiose  in  the 
NHRP  are  operated  with  steam.  Although  the  steam  soot  blowers  are  more  ef¬ 
fective,  they  are  generally  more  maintenance  intensive.  However,  since  natural 
gas  will  be  burned  most  of  the  time,  the  demands  for  soot  blowing  will  be  mod¬ 
est,  so  the  impact  of  the  steam  soot  blowers  on  maintenance  burden  should  not 
be  significant. 

Feedwater  and  Water  Treatment  Systems 

The  principal  differences  between  the  PUP  and  NHRP  feedwater  and  water 
treatment  systems  are  the  number  and  type  of  feedwater  piunps  and  the  opera¬ 
tion  of  the  water  softening  and  chemical  treatment  systems.  The  PUP  has  three 
turbine-driven  feedwater  pumps,  and  the  NHRP  has  six  motor-driven  pumps. 
Four  of  the  NHRP  pumps  are  rated  at  102  gallons  per  minute  (gpm),  and  two,  at 
204  gpm.  Each  has  a  total  developed  head  of  443  feet.  Although  the  turbine- 
driven  pumps  are  more  efficient,  they  are  more  complicated  to  start  and  operate; 
the  major  advantage  of  the  motor-driven  pumps  is  that  they  are  more  amenable 
to  automation.  From  a  maintenance  standpoint,  even  though  there  are  twice  as 
many  feedwater  pumps  in  the  NHRP,  tiie  motor  drives  are  less  of  a  maintenance 
burden  than  the  hirbine  drives. 


The  water  softening  and  chemical  treatment  systems  in  the  NHRP  are  auto¬ 
mated.  Those  in  the  PUP  are  operated  manually,  and  operators  spend  about 
one  hour  per  shift  testing  the  water  and  adding  chemicals.  Although  automatic 
operation  of  those  systems  is  certainly  desirable,  experience  has  shown  that  auto¬ 
matic  water  softening  and  chemical  treatment  systems  often  are  not  well  engi¬ 
neered  and  can  be  unreliable.  Consequently,  they  require  significant 
maintenance  attention.  Experience  at  other  utilities  plants  with  automated  water 
softening  and  chemical  treatment  systems  indicates  that  those  systems  seldom 
receive  the  maintenance  they  need  because  they  are  not  a  vital  link  for  system 
operation.  In  contrast,  maintenance  of  manual  systems  is  a  routine  part  of  plant 
operations.  Unless  the  NHRP  systems  are  carefully  designed  and  maintained,  the 
burden  on  the  NHRP  staff  likely  will  not  be  much  different  from  cvurent  prac¬ 
tices  and  the  associated  burden  on  the  PUP  staff. 


Fuel  Storage  and  Supply  Systems 

The  NHRP  will  have  two  300,000-gallon  fuel  oil  tanks,  which  is  about  the 
same  as  the  capacity  of  the  two  original  PUP  tanks.  Coupled  with  the  fact  that 
natural  gas  will  be  fired  most  of  the  year,  the  effort  required  for  fuel  offloading 
should  not  be  a  major  burden  on  the  NHRP  staff.^ 

Operation  of  the  fuel  systems  (natural  gas  and  No.  2  oil)  in  the  NHRP 
should  parallel  the  PUP.  In  addition,  although  there  are  six  fuel  oil  pumps  for 
the  boilers  in  the  NHRP  versus  three  in  the  PUP,  these  components  traditionally 
require  little  maintenance. 


Steam  Distribution  and  Condensate  Return  Systems 

The  steam  distribution  and  condensate  return  systems  in  the  PUP  consist 
principally  of  the  16-inch  steam  distribution  piping  and  the  8-inch  high  pressure 
and  3-inch  low  pressure  condensate  return  piping.  The  NHRP  will  use  most  of 
the  same  piping  and  components.  However,  to  reduce  the  heavy  maintenance 
requirements  of  the  steam  distribution  systems,  several  modifications  are 
planned: 

♦  Replacement  of  steam  piping  expansion  joints  with  the  nonleaking  bellows 
type.  This  activity  has  been  started. 

♦  Installation  of  a  new  ring  header  in  the  inner  court  of  the  Pentagon  to  enable 
isolation  of  sections  of  the  Pentagon.  The  ring  header  will  be  installed  in 

'Major  effort  was  required  during  January  through  March  1994  because  only 
60,000  gallons  could  be  stored  in  the  temporary  tanks  that  replaced  the  two  262,000  gal¬ 
lon  tanks.  Because  of  high  residential  demand,  natural  gas  was  cut  off  from  the  PUP.  Oil 
consumption  during  the  cold  spells  was  about  22,000  gallons  per  day,  and  emergency 
shipments  by  taitker  truck  (7,000  gallons  per  truck)  were  necessary.  Additional  storage 
capacity  wUl  be  needed  for  winter  operation  of  the  PUP  until  the  NHRP  tanks  are  in- 
st^ed. 
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phases,  so  the  existing  outer  header  will  remain  in  operation  for  an  extended 
period  of  time  (probably  10  years). 

In  addition  to  the  existing  distribution  system,  the  NHRP  will  have  a  second 
steam  distribution  and  condensate  return  system  and  a  new  pipe  tunnel  from  the 
heating  plant  to  the  FOB  2  piping  vault.  This  redundant  system,  although  dou¬ 
bling  the  number  of  valves,  traps,  etc.,  will  enable  staff  to  perform  preventive 
maintenance  on  a  planned  basis,  which  should  reduce  the  burdens  associated 
with  unscheduled  maintenance  demands  and  improve  the  reliability  of  the  sys¬ 
tem. 


Refrigeration  Systems 

The  major  differences  between  the  PUP  and  NHRP  refrigeration  systems  are 
the  numbers  and  ratings  of  refrigeration  chillers,  including  the  condensers,  com¬ 
pressors,  motors,  pumps,  and  other  associated  equipment.  The  PUP  currently 
has  four  5,000-ton  original  chillers  and  seven  1,000-ton  rental  units;  the  NHRP 
win  have  ten  3,750-ton  units.  Although  the  numbers  of  major  components  are 
similar,  the  identical  design  and  control  of  the  NHRP  chillers  should  simplify  op¬ 
erations  and  maintenance. 

The  NHRP  will  use  the  same  chilled  water  distribution  system  (supply  and 
return)  being  used  by  the  PUP  plus  a  new,  second  system  to  reduce  the  priority 
(unscheduled)  maintenance  and  enable  scheduling  of  preventive  maintenance. 
Like  the  redimdant  steam  distribution  and  condensate  return  lines,  the  redxm- 
dant  chilled  water  supply  and  return  lines  wiU  simplify  maintenance  and  im¬ 
prove  system  reliability. 

Two  chilled  water  distribution  booster  pumps,  a  sump  pump,  and  local  con¬ 
trol  panel  will  be  installed  in  the  FOB  2  vault,  located  on  the  west  side  of  the  Pen¬ 
tagon.  Those  will  require  periodic  checks.  Monitoring  data  feedback  to  the 
NHRP  control  station  should  be  provided  to  reduce  the  frequency  of  off-site 
checks. 


Auxiliary  Systems 

The  auxiliary  system  in  which  the  differences  between  the  PUP  and  the 
NHRP  are  significant  is  the  compressed  air  system.  The  PUP  has  a  variety  of 
types  of  air  compressors:  one  single-stage  reciprocating,  three  two-stage,  and 
two  rotary  screw.  The  NHRP  will  have  two  instrument  air  compressors  and 
three  service  air  compressors.  All  five  compressors  will  be  of  the  reciprocating, 
single-stage,  double-acting  type,  presumably  from  the  same  manufacturer.  Ac¬ 
cordingly,  operation  and  maintenance  should  be  less  of  a  burden  than  is  the  case 
for  the  PUP  compressed  air  system. 

Other  auxiliary  systems  of  significance  include  plant  services:  vacuum,  ele¬ 
vator,  telephone,  intercom,  cranes,  fire  protection,  and  heating,  ventilation,  and 
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air  conditioning.  Changes  in  these  systems  for  the  NHRP  should  have  little  im¬ 
pact  on  staffing. 


Sewage  System 

The  NHRP  will  use  the  existing  sewage  pumping  station.  A  second  sewage 
system  is  to  be  added  for  redrmdancy,  but  details  on  the  equipment  have  not  yet 
been  obtained.  The  current  system  requires  significant  attention  by  PUP  person¬ 
nel;  it  must  be  checked  every  shift,  pumps  must  be  unclogged,  the  conuninutor 
must  be  overhauled,  etc.  Since  the  sewage  pumping  station  is  located  off-site, 
the  checks  require  vehicle  travel.  A  backup  system  for  the  NHRP  should  reduce 
the  need  for  surveillance  and  priority  maintenance.  Furthermore,  remote  moni¬ 
toring  of  the  pumps  should  be  added  to  tiie  NHRP  data  system  to  reduce  the  fre¬ 
quency  of  the  checks. 


Electrical  Systems 

Table  3-2  lists  the  major  electrical  equipment  in  the  PUP  and  NHRP.  Com¬ 
pared  to  the  PUP,  the  NHDRP  has  more  electrical  equipment,  primarily  because  it 
has  a  larger  number  of  major  components,  for  example,  boilers  and  chillers.  The 
following  is  a  comparison  of  tihe  PUP  and  NHRP  electrical  equipment  require¬ 
ments: 


PUP 

NHRP 

13.8/13.2-kV  circuit  breakers 

28 

22 

4.16-kV  circuit  breakers 

0 

41 

2300-V  circuit  breakers/fused  switches 

44 

0 

480-V  circuit  breakers 

35 

222 

277/208-V  circuit  breakers/fused  switches 

82 

0 

Preventive  maintenance  and  major  repairs  for  electrical  equipment  are  con¬ 
tracted  by  PUP  and  likely  will  be  by  NHRP.  Therefore,  the  major  difference  be¬ 
tween  the  two  plants  will  be  in  the  area  of  contract  costs,  particularly  after  5  to 
10  years  as  the  equipment  ages.  From  an  operating  standpoint,  automation 
should  simplify  the  start-up  and  shutdown  of  equipment  in  the  NHRP.  How¬ 
ever,  since  not  a  lot  of  effort  is  required  to  operate  the  PUP  electrical  systems,  the 
impact  on  staffing  will  be  minimal. 

Unlike  the  PUP,  the  NHRP  will  have  five  3,600-kW  emergency  diesel  gen¬ 
erators,  but  details  on  the  emergency  system  have  not  been  made  available.  The 
addition  of  emergency  generators  could  increase  the  maintenance  burden  unless 
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the  maintenance  is  contracted.  Personnel  assigned  to  operate  and  perform  cor¬ 
rective  (minor)  maintenance  on  the  diesel  generators  will  require  special  training 
and  upgraded  qualifications. 


System  Controls 

The  PUP  uses  mostly  local  on/ off  analog  controls,  but  some 
equipment  —  the  rental  chillers  and  boilers  and  the  5,000-ton  original  chillers,  for 
example  —  has  local  digital  controls.  The  principal  features  of  the  NHRP  control 
system  are  as  follows: 

♦  Modulating  and  digital  control,  monitoring,  data  acquisition,  alarm,  and  in¬ 
dication  systems. 

♦  Master  controller,  which  includes  controls  for  boiler  combustion,  intake  air, 
flue  gas  and  flame  safety,  boiler  axixiliaries,  chiller  condenser  water  system, 
chiUer  diagnostics,  chilled  water,  and  electrical  distribution. 

♦  Eight  workstations,  including 

►  three  each  for  chillers  and  boilers,  containing  an  operator  interface, 
graphics,  and  alarms; 

►  one  for  software  and  system  maintenance;  and 

►  one  for  the  plant  manager. 

♦  Communications  and  control  digital  equipment  and  software. 

Of  the  differences  between  the  PUP  and  NHRP,  the  use  of  distributed  proc¬ 
ess  controls  in  the  NHRP  will  have  the  greatest  impact,  by  far,  on  the  qualifica¬ 
tion  requirements  of  the  NHRP  staff.  However,  additionaJ  details  on  the  NHRP 
control  system  were  not  available  when  this  report  was  prepared. 


c  S 

§f§ 

S  ^  2 

*$  E  O 
K  a  e 

T-o  □  « 

e  7*3 
«  «  lU  2 

i»l  e 


s 

4 


3-7 


3-8 


Pentagon  New  Heating  and  Refrigeration  Plant 
Major  System  and  Equipment  Listing 
Including  Comparative  Data  In  Existing  Pentagon  Utilities  Plant 
_ Mechanical  Systems .  . 

New  Healing  And  Reftloeralton  Plant _ _ _ _ _ 


I 


3-9 


Table  3-2  Page  i  of  5 

Pentagon  New  Heating  And  Refrigeration  Plant 
Major  System  And  Equipment  Listing 
Including  Comparative  Data  In  Existing  Pentagon  Utilities  Plant 
_ _ _ _ Electrical  System _ 


o 


lo  ^  ^ 


^  0.  a 


!iiii 

^  Q  X  Cl  ® 

,8<'i|5S  ^ 

lesfeescr 


3-10 


Auq-94 


in 

4-t 

o 

CM 

d) 

to 

d 

Ph 


c 

CO 


c 

o 


o> 

c 


«  iS 

s  -* 

o  ^ 
o> 


o 

^  -o 
c 
< 

.Q  O 
CO  c 
H 

CO 

o 

X 

$ 

o 

Z 

c 

o 

O) 

CO 

c 

o 

Ol 


c 

0) 

E 

a 

3 

cr 

lU 


c 

CO 


cn 

0) 


o 

O) 

2 

c 

o 

D. 

O) 

c 


E 

2 

i2 

•5  CO 
UJ 


CO 

i£-g 

II 

O  lU 


< 

E 

o 

(0 

>% 

(0 

o 

’ey 


0) 

> 

2 

(0 

a 

£ 

o 

o 

O) 

c 

•o 

3 


II 


CL 

X 


rS  CM 


i|l 

l«3 


ill 


!8 


iSs 


ll^l 


I 

ICD  . 

ii 


SfSi 


^■s 

IDS 


;;l 

M  A 

t| 
£  » 
!5| 

J|5 

II  § 

i»12« 


I 


|l 

J^l 

|3s 


CO 

i 

l| 


re  ^ 

g| 
8 


§ 


Ii 


i£ 


Ql 

c 

2 


ll 

53 

=  ll 

8  = 


ii 


ill 


\l 


h  h  » 


U  S  CO  CM  CM  ^ 


1°  §« 
UH'^ 


I 


0*9 

li^ 

15 

Ii 

oi 

'S 


3-11 


Pao«  ?  of  S 


Table  3-2  Page  3  of  5 

Pentagon  New  Heating  And  Refrigeration  Plant 
Major  System  And  Equipment  Listing 
Including  Comparative  Data  in  Existing  Pentagon  Utilities  Plant 
_ _ _ _ Electrical  System _ 


c 


tsii 


*  CM 

dll 

lim 


£ 

< 

I 


- 

l|i 

3  6  r>  CO 

[5^ 


3-12 


5  5 

»  = 

S  £  S 

M  iS  5* 

*0  “  CO 

^  •J  '**' 

0)  ^  c 

O  c  JQ> 

w  a>  0.  p 

o  E  o) 

D^  Q.  C 
1H  3  ^  J2. 

^  UJ  T5 

fl^l 

♦rf  ^  HI  ^ 

(0  c-  IS  o 

O  C  CO  Q 

X  3  Ois 
i  i®  o 

5  w  :p 

^  u  CO 
C  O  {= 

SjO*  Q. 

E 

e  O 

g  O  , 

0.  Ut 

c 


BfiSOS  S. 

;l|l|li* 

:lf  Ilf  g£ 


S”  Su-1 
i  i£  g  : 

8^%s\ 


151° 

ii'il 

aiSfi 


ifililptll 

^  I  il  P  t 

:|  |®>D4 • 


»  <0  O  «D  CM  4D  ^ 


§r-r5r°®5s 


fei  I 


s  iig  isi 

!FSF  sS-  s^-isis 


gsg  giiS 

”  5*  ^  °  0>  «  MT 


tli2| 


q:  tt 

2 

Ife5-Sfe: 


^ -K  i 'S.S  ^  o  £ s  a  « 

8l“^l  is“siS^^SiE|  I 


Uile? 

sf  I 

$gogs£ 


ai|?i 

•  =  S5l£ 


S  9 

3 

1^  < 

II 

NiH 

•lllii 


I  s  I 
■I  1-  ^ 

I  ^  IS  ?  «  £ 
IS  «  £  «  Si 


sssi.eii 

5<83SS=S 


3-13 


Table  3-2  Page 

Pentagon  New  Heating  And  Refrigeration  Plant 
Major  System  And  Equipment  Listing 
Including  Comparative  Data  In  Existing  Pentagon  Utilities  Plant 

Electrical  System 


3-14 


Chapter  4 

Staffing  Plan 


This  chapter  briefly  describes  the  organization  and  staff  assignments  of  the 
PUP  and  proposes  an  organization  and  staff  assignments  for  the  NHRP.  It  also 
recommends  transitional  staffing  needed  for  phase-in  of  the  new  plant.  In  gen¬ 
eral,  since  the  NHRP's  mission,  objectives,  and  equipment  are  similar  to  those  of 
the  PUP,  the  organization  of  its  staff  also  will  be  similar.  However,  fewer  staff 
will  be  needed;  in  contrast  to  the  72  positions  at  the  PUP,  34  personnel  can  man- 
operate,  and  maintain  the  NHRP.  To  provide  the  flexibility  necessary  with 
reduced  staffing,  NHRP  personnel  will  have  to  be  cross-trained  to  perform  du¬ 
ties  outside  of  traditional  roles.  For  example,  electricicins  will  be  called  upon  to 
repair  instruments  or  to  start  the  diesel  generators,  and  boiler  operators  may 
need  to  operate  circuit  breakers  for  the  chiller  motors.  In  addition,  the  NHRP 
staff  will  have  to  be  more  highly  qualified  than  PUP  staff.  Some  advanced 
knowledge  of  process  theory  and  system  dynamics  is  essential  to  interpret  com¬ 
puter  displays  and  to  determine  when  process  controls  are  malfunctioning. 
Skills  for  supporting  the  advanced  digital  control  and  communications  systems 
also  will  be  required.  Specific  position  descriptions  —  including  job  summaries, 
position  functions,  responsibilities,  and  knowledge/ skill  requirements  —  for 
NHRP  staff  are  provided  in  Appendix  C. 


Organization 

Figure  4-1  shows  the  PUP  organization  as  of  March  1994.  The  PUP's 
72  authorized  positions  include  management  and  administrative  staff,  general 
and  assistant  general  foremen,  electrical  distribution  facilities  staff,  operations 
staff,  and  repair  staff.  Of  the  72  positions,  62  constitute  the  in-plant  work  force. 
Currently,  26  positions  (36  percent)  are  vacant.  All  but  two  of  the  vacancies  are 
in  the  wage  grade  category  that  comprises  the  in-plant  work  force,  i.e.,  nearly  aU 
vacancies  are  in  the  operations  and  maintenance  departments. 

Figure  4-2  shows  the  proposed  organization  plan  for  the  NHRP.  The  pro¬ 
posed  plan  shows  34  positions,  12  fewer  than  are  currently  filled  at  the  PUP. 
Fewer  positions  are  proposed  principally  in  the  management  and  administrative 
staff  and  in  the  utility  systems  repairer  operator  (USRO)  staff.  New  positions  for 
the  NHRP  include  a  computer  systems  specialist  (which  eventually  may  be  a 
part-time  or  contract  assignment)  and  additional  electronic  industrial  controls 
mechanics  (EICMs). 

To  benchmark  the  staffing  proposed  for  the  NHRP,  we  contacted  eight  com¬ 
parable  facilities  to  determine  Aeir  staffing  levels,  the  types  of  equipment  they 
operated,  and  their  experiences.  We  concluded  that  modem,  well-designed 
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plants  wiiii  computer  controls  can  be  staffed  with  modest  numbers  of  personnel 
and  that  the  staffing  level  proposed  for  the  NHRP  is  reasonable.  Appendix  D 
provides  more  detail  about  our  facility  survey. 


Staff  Assignments 

Tables  4-1  through  4-5  summarize  the  position  descriptions  for  PUP  and 
NHRP  management  and  administrative  staff,  operations  staff,  general  and  assis¬ 
tant  general  foremen,  maintenance  department  staff,  and  electrical  distribution 
facilities  staff.  Staff  functions  are  discussed  in  the  following  subsections. 


Management  and  Administration 

The  PUP  has  11  management  and  administrative  staff  positions.  The  posi¬ 
tions  include  5  management  personnel,  2  staff  support  (clerical)  personnel, 
1  plant  operations  assistant,  1  management  assistant,  1  supply  technician,  and 
1  motor  vehicle  operator.  In  contrast,  the  NHRP  has  just  5  management  and  ad¬ 
ministrative  staff  positions.  The  management  positions  include  the  plant  man¬ 
ager  and  the  operations  and  maintenance  manager.  The  administrative  staff 
includes  a  management  assistant  (data  base  and  reports)  and  2  support  staff  ca¬ 
pable  of  performing  both  clerical  and  supply  (stores)  functions. 

The  proposed  management  and  administrative  staffing  for  the  NHRP  is  ac¬ 
complished  by  eliminating  three  supervisor  mechanical  engineer  positions,  one 
supply  technician,  and  one  motor  vehicle  operator.  Elimination  of  two  of  the  en¬ 
gineer  positions  for  new  construction  assumes  completion  of  construction  of  ffie 
NHRP;  functions  associated  with  the  third  engineer  position  will  be  provided  by 
exiting  Federal  Facilities  Division  (FFD)  staff,  primarily  in  the  area  of  contract 
administration  for  outside  support.  Administrative  staff  reductions  assume  that 
routine,  periodical  reports  can  be  automated,  planning  for  which  should  occur  as 
the  computer  software  for  the  plant  is  developed.  (Depending  on  the  rate  of 
automation,  it  may  be  necessary  to  carry  additional  personnel  temporarily.)  The 
elimination  of  the  motor  vehicle  operator  position  assumes  that  the  associated 
tasks  can  be  handled  by  tiie  FFD  motor  pool. 


Operations 


Operation  of  the  PUP  is  imder  the  direction  of  the  general  foreman,  who  re¬ 
ports  to  the  supervisor,  mechanical  engineering  (operations  and  maintenance). 
The  operations  staff  includes  25  positions,  of  which  7  are  vacant.  Operating  shift 
assignments  are  filled  by  five  crews  of  four  persons  each;  each  crew  consists  of  a 
foreman,  two  mechanical  operators,  and  a  water  tender.  An  electrician  is  also  as¬ 
signed  to  each  shift.  One  shift  per  week  is  filled  by  personnel  from  the  repair  de¬ 
partment.  The  electrician  and  a  mechanical  operator  perform  an  off-site  tour  of 
the  sewage  plant  and  intake  structure  at  the  lagoon  each  shift;  that  tour  usually 
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requires  an  hour,  but  can  take  longer  if  problems  are  found.  Surveillance  tours 
and  hourly  readings  of  equipment  within  the  PUP  requires  one  person  full-time. 

Operation  of  the  NHRP  is  under  the  direction  of  the  watch  foreman  on  duty. 
A  shift  crew  consists  of  the  watch  foreman,  one  USRO,  a  repair  mechanic,  and  an 
electrician.  Twenty  personnel  in  all  are  assigned  to  shift  work.  The  position  de¬ 
scription  for  both  the  watch  foreman  and  the  USRO  requires  that  these  personnel 
hold  a  District  of  Columbia  Class  1  Steam  Engineer  license  or  possess  equivalent 
experience.  The  organization  chart  for  the  NHRP,  Figure  4-2,  shows  the  repair 
mechanics  and  electricians  assigned  to  the  operating  shifts  but  administratively 
reporting  to  the  USRO  general  foreman  who  schedules  work  assignments  and 
exercises  technical  direction  for  planned  assignments  (preventive  maintenance) 
performed  dxiring  the  shift.  However,  to  ensure  operational  needs  of  the  plant 
are  met,  the  watch  foreman  assigns  the  priority  of  work  during  the  shift. 

The  computer  systems  specialist  is  a  member  of  the  operations  staff;  this 
specialist's  duties  include  software  modifications,  program  debugging,  and  tech¬ 
nical  direction  and  training  for  the  operating  staff.  This  position  will  be  required 
for  one  or  two  years  after  start-up  of  the  NHRP  in  order  to  complete  the  func¬ 
tional  and  operational  transition.  Plant  experience  will  determine  whether  this 
position  can  eventually  be  reduced  to  part-time  or  be  contracted. 

The  proposed  staffing  for  operation  of  the  NHRP  represents  a  significant 
change  from  current  PUP  staffing.  As  noted  earlier,  the  introduction  of  distrib¬ 
uted  control  systems  enables  centralized  control  and  monitoring,  but  requires  a 
higher  level  of  system  understanding  to  assess  computer  output  and  utilize 
computer-based  control  interfaces.  We  believe  this  can  be  accomplished  by  hav¬ 
ing  highly  skilled,  weU-trcdned,  multidisciplinary  shift  personnel. 

The  level  of  staffing  proposed  for  shift  assignments  provides  coyerage  for 
more  shifts  per  week  tiian  needed  based  on  calendar  time.  With  five  shifts,  each 
assigned  five  days  per  week,  extra  persoimel  would  be  available  for  four  non¬ 
shift  days  per  week.  In  addition,  having  extra  personnel  allows  for  leave,  train¬ 
ing,  sick  time,  etc.  Note  that  the  ratio  of  required  shifts  per  week,  21,  to  the 
number  of  shifts  available,  25,  is  0.84.  That  ratio  corresponds  closely  to  current 
government  planning  practice,  which  assximes  1,770  hoius  per  year  actual  on- 
the-job  time  compared  with  2,080  hours  theoretical  time  (52  weeks  per  year  times 
40  hours  per  week). 

Compared  to  the  operators  in  the  PUP,  the  NHRP  operators  will  spend  more 
of  their  time  in  the  control  room.  Therefore,  shift  assignments  assume  personnel 
are  cross-trained  so  they  can  function  effectively  as  boiler  operators  and  chiller 
operators,  electricians  and  instrument  technicians,  etc.  Cross-training  represents 
a  departure  firom  the  traditional  roles  staff  performed  individually  as  boiler  ten¬ 
ders,  mechanics,  etc.  The  long-term  goal  of  the  NHRP  should  be  to  have  all  shift 
personnel  trained  as  operators. 
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Maintenance 


The  PUP  repair  department  has  22  positions,  of  which  9,  including  the  posi¬ 
tion  of  steamfitter  foreman,  are  vacant.  With  the  current  staffing,  4  personnel 
perform  repairs,  3  are  assigned  to  relief  shift  duties  and  perform  repairs  when 
available,  2  perform  cleanup  duties,  2  are  lead  foreman,  and  1  is  the  repair  de¬ 
partment  foreman.  Another  14  positions  are  assigned  to  PUP  electrical  distribu¬ 
tion  facilities.  Those  positions  include  a  foreman  and  assistant  foreman  (both 
vacant),  2  EICMs  (1  vacancy),  6  distribution  facilities  electricians  (2  vacancies) 
and  4  electricians  (2  vacancies). 

The  proposed  maintenance  staff  for  the  NHKP  comprises  the  general  fore¬ 
man,  four  pipefitter-welders,  five  repair  mechanics,  five  electricians,  and  three 
EICMs.  The  repair  mechanics  and  electricians  are  assigned  to  shift  duties  and 
will  perform  operational  functions  as  weU  as  repair  and  maintenance  tasks.  The 
electricians  should  be  qualified  to  perform  routine  instrumentation  and  controls 
repairs  when  the  EICMs  are  not  available. 

The  proposed  reduction  in  maintenance  personnel  stems  from  the  new  con¬ 
dition  of  the  equipment  and  the  redxmdant  distribution  steam  and  chiller  piping 
systems,  which  wUl  reduce  the  frequency  of  unscheduled  and  emergency  repair 
emd  maintenance,  as  well  as  from  the  efficiency  gains  resulting  from  cross¬ 
training. 


Transitional  Staffing 

Although  the  functions  of  tiie  equipment  in  the  PUP  and  NHRP  are  similar, 
the  configmation  and  controls  are  significantly  different.  In  addition,  start-up 
and  testing  of  the  new  equipment  will  be  necessary  as  installation  is  completed. 
Personnel  will  have  to  be  trained  in  the  operation  of  the  new  equipment.  Con- 
ciurently,  existing  services  to  the  Pentagon  and  other  buildings  wiE  need  to  be 
maintained.  Dual  staffing  for  some  period  prior  to  commissioning  of  the  NHRP 
will  be  necessary  to  provide  training  and  testing  and  to  ensure  continuity  of 
service. 

The  priority  for  staffing  is  in  operations,  followed  by  maintenance  and  then 
administrative  personnel.  The  first  position  to  be  filled  is  that  of  plant  manager, 
followed  by  the  operations  and  maintenance  manager,  watch  foremen,  computer 
systems  specialist,  and  shift  operators.  The  plant  manager,  operations  and  main¬ 
tenance  manager,  and  watch  foremen  should  be  dedicated  to  the  NHRP  rather 
than  working  at  both  the  PUP  and  the  NHRP.  The  operating  shift  personnel 
(USROs)  for  NHRP  can  be  drawn  firom  the  PUP  staff,  depending  on  their  avail¬ 
ability.  Temporary  personnel  will  have  to  be  brought  on  board  (perhaps  on  loan 
from  GSA-HOTD)  for  a  few  months  while  the  NHRP  boilers  and  chillers  are  be¬ 
ing  phased  in,  but  the  PUP  is  still  operating. 
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The  staffing  schedule  follows  the  constraction-erection-testing  sequence  for 
equipment  and  systems.  Figure  4-3  shows  the  schedule  of  key  events  for  con¬ 
struction  completion  and  the  recommended  schedule  for  personnel  loading.  The 
construction  schedule  reflects  best  estimates  based  on  information  obtained  in 
early  July  1994.  The  original  schedule  called  for  completion  of  tiie  NHRP  by  Oc¬ 
tober  1995;  the  current  schedule  shows  completion  by  December  19, 1995. 

The  key  events  setting  the  recommended  rate  of  personnel  loading  are 
chiller  and  boiler  installation  and  testing,  training,  and  testing  of  control  systems. 
The  plant  manager  and  the  operations  and  maintenance  manager  should  be  as¬ 
signed  15  to  18  months  before  plant  completion,  sometime  in  the  third  quarter  of 
1994.  We  recommend  an  early  start  date  to  allow  their  input  to  control  room  lay¬ 
out,  arrangement  and  sequencing  of  annxmciators,  and  selection  of  CRT  screens. 
Watch  foremen  should  be  phased  m  from  December  1994  to  May  1995.  Shift  per¬ 
sonnel  (operators  and  maintenance  personnel)  should  be  assigned  to  coincide 
with  start-up  tests  and  training,  i.e.,  on  site  by  the  beginning  of  September  1995. 
Other  maintenance  personnel  can  be  assigned  2  to  3  months  and  administrative 
staff  about  1  month  prior  to  completion  of  the  plant. 

Position  descriptions  for  the  plant  manager,  operations  and  meuntenance 
manager,  computer  systems  specialist,  watch  foremen,  general  foreman,  control 
operators,  repair  mechanics,  electricians,  and  EICMs  are  included  in  Appendix  C 
and  reflect  the  additional  responsibilities  required  for  the  automated  features 
and  digital  control  system  of  the  NHRP.  Position  descriptions  for  other  NHRP 
personnel  (pipefitter-welders  and  administrative  staff)  are  essentially  the  same  as 
those  now  in  use  at  the  PUP. 
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Table  4-1, 

Comparison  of  Management  and  Administrative  Staff  Positions  for  PUP  and  NHRP 
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Table  4-1. 

Comparison  of  Management  and  Administrative  Staffs  Positions  for  PUP  and  NHRP 
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Table  4*2. 

Comparison  of  Operations  Staff  Positions  for  PUP  andNHRP 


Hi 

^  <u 

c 

i9  -3 

CL  2 

$  o 

(D 

2  .9- 


2  s  § 
S  S-S 
S  O  s 

O)  «  •£ 

"S  £  ® 

<D  <J 

$  «  g 

o  >>  R 

c  CO 

^  u.  = 

1  E  c 


.Sli  <D 

ll_ 

^  E  2 

.  -  m  CD 
CO  >  c 
C  (D 

o  c  o 
:s  <D 
CO  >  ^ 

5;;  CD  -Q 
CD  2-  C 

s-  ® 

®  ®  E 

3  c  c  c 
i5  o  CO  o 
CL:^  C  Ll 


W 

C  -  X 
c  T-  0) 
O  'T-  C 


a:5  S  «i 

•d  ^  o  Q. 

S)l5^ 

c  o  Cp  c 
CD  c  >  o 

-c:  'r  ^  ?E 
c  5  ■?  S 

3  E  CO  Q. 


T3  > 

0)  > 

.i=  "O 

3  CD  a> 

£  :i 

o  i  o 

Z  u 


TJ  > 

.1=  *0 

3  0)  0) 

O’  C  Q. 

2  S 
•g  E  c 
5  o  o 
2  o 


c  S2 

CD  p 

Q.  CL 

O) 

c 


CD 

<0  E  TD 

CD  >  C 
M  CO  CD 

e  S  g 

®  o  .2  . 

Q--C  S 
^  ^  CO  . 

«  g  ® 

os^°: 
•a  a> 

£  ® 

®  S^o 

CL  I 

3  ■§  CL  1 
«  g-CO  . 

CO  0)  c  i 

«  "g  «  1 

CD  2  - 

CO  0)iS  j 

§  0)  .S2 
c  O)  c  . 
ci>  5  S 
CO  $  o 


1  ® 

ra  c  . 

■  ,£  ‘Jr  <0 

2  E  S 
®  §  S' 


“  6 

o  £ 

■«  ^ 

,g  lot:- 
%  .2  ® 
o  J  « 
E  "o  g 
2  5».2 
fe  -o  2 
?  3 

jg  CO  Q. 
0,^0 

^f'S 

-s  gg> 

=i-gE 

o  E  "o 
a.  CO  c 

CO  ^  CD 
CD  O)  ^ 
w  o  C 


“*«  c 
«  «  c® 
£  i  E 
•c  £  0) 
«>  2 
w  u  <S 

o  so 
■Ec  q: 

■p:  -W 


$  2r 

£  C 


*P  0)  «> 
d)  Q.:^ 

“  g| 

10  k. 

3  c  0) 

-S'? 


%  ra  c 

5  "  “ 
1-^ 


4-8 


Positions  for  PUP  and  NHRP 
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Table  4-4. 

Comparison  of  Maintenance  Department  Staff  Positions  for  PUP  and  NHRP 
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Table  4-5. 

Comparison  of  Electrical  Distribution  Facilities  Staff  Positions  for  PUP  and  NHRP 
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Pentagon  Utilities  Plant 
Organization  3/29/94 

Figure  4>1 


Contract 
►  Support 
(Labor) 


Priority  of  Work  for 
Shift  Personnel  is 
Assigned  by  Watch 
Foreman 


*  Shift  Personnel  =  20 
Total  Personnel  =  34 

Figure  4-2  Pentagon  New  Heating  And 

Refrigeration  Plant  -  Proposed  Organization  Rev  8/23/94 
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Figure  4-3.  Pentagon  New  Heating  And  Refrigeration  Plant 
Schedule  Of  Key  Events  For  Major  Equipment  And 

Recommended  Schedule  For  Personnel  Staffing  Rev  8/i  2/94 


Chapter  5 


Training  Requirements 


This  chapter  reviews  the  provisions  in  the  construction  specification  for 
training  NHRP  staff,  identifies  training  voids,  and  it  presents  a  detailed  outline 
for  a  training  program  plan. 


Existing  Provisions  for  Training 


This  section  reviews  the  training  provisions  in  the  construction  specification. 
It  also  identifies  weaknesses  in  the  planned  training  program. 


Equipment  Training 


The  construction  specification  requires  that  the  equipment  suppliers  train 
NHRP  staff  on-site  in  the  operation  and  maintenance  of  their  equipment.  Those 
requirements  are  STimmarized  in  Table  5-1.  The  extent  of  training  varies  from 
8  hours  for  pmnps  to  more  tiian  120  hours  for  tihe  central  distributed  control  sys¬ 
tem.  Generally,  the  suppliers  are  supposed  to  conduct  the  training  after  the  sys¬ 
tem  is  functionally  complete  but  before  final  acceptance  testing.  The 
construction  manager,  Bell-BCI,  has  indicated  that  it  plans  to  schedule  training 
by  the  equipment  suppliers  from  September  to  December  1995  (the  current 
schedrde  calls  for  plant  start-up  on  December  19, 1995). 

A  review  of  the  training  requirements  in  Table  5-1  and  of  the  time  frame 
proposed  by  Bell-BCI  indicates  that  the  training  period  is  marginally  adequate. 
The  proposed  training  totals  448  hours  (approximately  58  days).  Between  Sep¬ 
tember  5, 1995,  when  training  is  assumed  to  start,  and  December  19, 1995,  when 
plant  start-up  is  scheduled,  there  are  approximately  73  weekdays  (excluding 
holidays).  Not  all  of  the  days  will  be  available  for  training  because  key  person¬ 
nel  will  be  participating  in  system  tests  as  well  as  in  administrative  training. 
Therefore,  we  believe  that  training  should  be  initiated  no  later  than 
August  1, 1995.  This  would  add  22  days  making  a  total  of  95  days  available  for 
training  NHRP  personnel. 


Operations  and  Maintenance  Manuals 

The  construction  specification  requires  suppliers  to  provide  operating  in¬ 
structions  and  operations  and  maintenance  manuals.  Table  5-2  summarizes  the 
support  documents  required  by  the  specification.  Bell-BCI  has  indicated  that  it 
plans  to  compile  the  individual  equipment  documents  provided  by  the  suppliers 
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into  operations  and  maintenance  manuals.  It  expects  to  have  the  first  draft  of  the 
manuals  for  mechanical  equipment  by  early  September  1994  and  for  electrical 
equipment  by  November  1,  1994.  The  drafts  are  for  review  by  the  government; 
final  versions  are  to  be  issued  by  the  end  of  January  1995. 

Because,  the  training  program  is  weighted  heavily  toward  on-the-job  train¬ 
ing,  the  materials  used  should  be  of  high  caliber  to  ensure  that  the  training  by  the 
vendors'  personnel  results  in  correct  operation  of  ti\e  equipment.  The  construc¬ 
tion  specification  contains  requirements  as  to  the  content  of  the  training  materi¬ 
als,  but  does  not  specify  a  standard  format  and  content,  nor  does  it  call  for 
training  adds  such  as  sketches  of  the  equipment  to  facilitate  an  understanding  of 
file  individual  components.  It  is  probably  too  late,  and  therefore  not  economi¬ 
cally  feasible,  to  change  the  specification,  so  the  training  program  should  use  the 
contractors  submittals  as  is.  However,  training  aids  should  be  added  to  fill  in 
obvious  voids. 

Although  the  manuals  to  be  prepared  by  BeU-BCI  will  be  necessary  for  train¬ 
ing,  they  do  not  provide  an  integrated  understanding  of  the  functioning  of  the 
overall  system  and  the  controls.  This  level  of  information  requires  systems  de¬ 
scription  manuals,  but  no  provisions  have  yet  been  made  to  obtain  these.  Efforts 
should  be  initiated  as  soon  as  possible  to  ensure  that  systems  description  and  op¬ 
eration  manuals  are  available  for  use  by  the  time  training  is  started.  Early  avail¬ 
ability  of  such  manuals  not  only  will  provide  personnel  the  details  of  system 
functioning,  but  also  will  enable  a  hands-on  review  and  upgrade/ revision  of  the 
written  descriptions  as  part  of  the  process  of  walkdowns  and  trial  operation. 


Plant  Systems  Training 

Bell-BCI  hcis  indicated  that  it  plans  to  provide  general  training  covering 
plant  systems  during  the  September-December  1995  training  phase.  That  train¬ 
ing  will  consist  of  a  review  of  the  plant  arrangement  and  system  drawings  but 
wiU  not  include  instructions  in  plant  operation. 

It  appears  that  the  NHRP  staff  wiU  have  to  develop  its  own  operating  proce¬ 
dures  on  the  basis  of  the  training  received  on  the  individual  equipment,  the  op¬ 
erations  and  maintenance  manuals  provided  by  the  equipment  suppliers,  the 
system  descriptions,  and  experience  gained  during  the  start-up  performance  test 
period.  If  senior  plant  management,  the  operations  and  maintenance  manager, 
and  watch  foremen  are  brought  onboard  well  in  advance  of  plant  operation,  they 
can  direct  their  efforts  to  the  preparation  of  operating  procedures  and  a  long¬ 
term  training  program. 


Prerequisites  to  Control  System  Training 

The  construction  specification  for  the  central  distributed  control  system  (Sec¬ 
tion  16950)  requires  the  contractor  to  idejitify  training,  knowledge,  or  skill  pre¬ 
requisites  that  personnel  must  have  before  they  receive  control  system  training. 
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In  view  of  the  significant  difference  in  technology  between  the  PUP  and  the 
NHRP  control  systems,  PUP  personnel  may  need  to  undertake  special  training  to 
meet  the  prerequisites.  Such  training  may  take  several  months  to  set  up  and  con¬ 
duct. 

When  this  report  was  written,  the  contractor  for  the  NHRP  control  system 
had  not  yet  identified  the  prerequisites  for  training.  In  view  of  the  lead  time  re¬ 
quired  for  any  special  trcdning  of  PUP  personnel,  the  contractor  should  identify 
the  prerequisites  as  soon  as  possible.  (The  prerequisites  for  training  etre  not  nec¬ 
essarily  contained  in  the  position  descriptions;  these  specify  the  skill  and  knowl¬ 
edge  requirements  to  actually  perform  the  job,  which  presumably  would  be 
attained  after  appropriate  training.) 


Training  Voids 

Plant  Administration 

The  existing  training  program  contains  only  equipment  modules.  Addi¬ 
tional  courses  relating  to  conduct  of  operations,  industrial  safety  and  manage¬ 
ment,  procedures  guides,  emergency  procedtires,  safety  tagging  (lockout  and 
tagout),  supervision,  administrative  procedures,  etc.,  should  be  included  in  order 
to  have  a  complete  training  progreun. 


Diesel  Generators 

At  present,  the  construction  specification  does  not  provide  for  training  in  the 
operation  of  the  diesel  generators.  We  understand  that  the  general  subject  of 
emergency  power  is  being  evaluated.  As  soon  as  a  decision  is  made,  appropriate 
training  should  be  planned  and  incorporated  into  the  plant  operations  training. 


Training  Program  Plan 

The  training  program  plan  we  had  hoped  to  develop  by  this  time  would  be 
very  detailed  and  coordinate  specific  schedules  between  the  equipment  vendors, 
BeU-BCI,  and  NHRP  staff.  The  component  installation  schedules  and  contents  of 
the  vendors  training  modules  have  not  been  forthcoming  at  this  time  so  we  have 
suggested  a  training  program  plan  outlined  in  Table  5-3,  arranged  by  system  and 
equipment.  The  plan  includes  schedules,  length  of  instruction,  and  responsible 
organizations.  The  plan  outline  has  its  basis  in  the  scope  of  training  defined  in 
the  construction  specification  and  can  serve  as  the  basis  for  the  development  of  a 
comprehensive  training  program  plan  when  detailed  information  is  available. 
Essential  input  for  the  detailed  plan  includes  the  schedxiles  for  construction  com- 
pletition,  flushing,  hydrotests,  and  electrical  checks,  as  well  as  a  defined  scope  of 
vendor  instruction.  Priority  should  be  given  to  the  preparation  of  the  detailed 
training  program  that  fits  in  with  the  startup  schedule  to  ensure  maximum 
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benefits  are  obtained  during  the  limited  tithe  eguipment  is  in  a  pre-operational 
status. 

Table  5-4  shows  the  total  number  of  hours  of  training  required  for  each  job 
position;  Appendix  E  lists  the  training  hours  by  system  for  each  position.  The 
length  of  time  (contact  hours)  that  should  be  allocated  for  personnel  training  can 
be  used  in  planning  augmentation  rates  and  nontraining  job  assignments  during 
the  training  phase. 

The  bulk  of  the  training  in  the  plan  occurs  from  September  through  Decem¬ 
ber  1995,  following  the  Bell-BCI  schedule.  If  the  training  period  is  started  in 
August,  as  we  have  suggested,  the  tables  should  be  adjusted  accordingly.  As 
shown  on  the  recommended  schedule  for  personnel  staffing  on  Figure  4-3,  plant 
managers,  shift  foremen,  and  operators  should  be  assigned  by  the  beginning  of 
the  training  period,  and  maintenance  personnel,  particularly  those  requiring 
skills  that  may  not  be  currently  available  at  the  PUP,  such  as  the  EICMs,  should 
be  brought  onboard  early  in  the  training  period. 

The  plan  includes  the  following  additional  training  that  is  needed,  but  not 
included  in  the  construction  specification: 

♦  For  all  NHRP  personnel,  a  general  orientation  of  the  plant,  including  an 
overview  of  the  plant  systems  followed  by  a  walkdown  of  plant  areas. 

♦  For  EICMs  and  the  computer  systems  specialist,  hardware  and  software  de¬ 
velopment  training.  That  training  should  be  conducted  from  Jime  to  Decem¬ 
ber  1995  and  periodically  during  the  evolution  of  computer  systems 
installation  tests  and  modifications. 

♦  For  each  member  of  the  operating  crew,  integrated,  hands-on  plant  control 
training.  (As  currently  scheduled,  operator  training  is  limited  to  classroom 
teaching  only  and  to  10  people  only;  use  of  a  training  simulator  for  this  pur¬ 
pose  would  be  most  effective.) 

The  length  of  training  indicated  in  the  construction  specification  for  some  of 
the  plant  support  systems  could  be  reduced,  particularly  if  scheduling  becomes  a 
problem.  T^e  allocated  time  for  the  plant  (internal)  heating,  air  conditioning, 
ventilation,  and  exhaust  systems  and  for  the  intrusion  detection,  entry  control, 
and  fire  detection  systems  appears  to  be  longer  than  necessary.  This  should  be 
reevaluated  when  the  operations  and  maintenance  manuals  for  these  systems  are 
reviewed. 


Simulator  Training 

Recent  experience  at  new  power  plants  incorporating  extensive  distributed 
control  systems,  as  well  as  at  existing  plants  with  control  system  retrofits,  has 
shown  positive  benefits  from  with  the  use  of  simulators  for  training.  The  cost 
and  effort  of  providing  a  simulator  for  a  computer-based  control  system  is  much 
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lower  than  for  an  analog  system  since  many  of  the  same  digital  algorithms  used 
to  control  the  plant  can  be  used  to  run  the  simulator. 

For  the  NHRP,  a  simulator  woxild  provide  not  only  training  (both  for  before 
start-up  as  well  as  for  the  long  term)  but  also  a  platform  for  staffing  studies  for 
operations.  In  addition,  needed  changes  to  software  and  display  screens  identi¬ 
fied  in  framing  activities  could  be  made  as  part  of  the  control  system  debugging 
process  if  the  simulator  is  obtained  early  ,  (during  evolution  of  the  system  de¬ 
sign)  evolution.  This  debugging  process  would  be  expected  to  identify  first-time 
design  implementation  and  minimize  plant  start-up  delays  and  damage  to 
equipment. 

Since  involvement  by  the  controls  system  designer  and  by  the  suppliers  of 
the  major  equipment  (boilers  and  chillers)  would  be  necessary,  the  most  oppor¬ 
tune  time  for  the  development  of  the  simulator  is  now.  We  recommend,  as  a 
minimum,  that  steps  be  taken  as  soon  as  possible  to  determine  the  costs  and 
benefits  of  having  a  simulator  for  NHRP. 
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completion  of  endurance  tests.  Six  personnel  per  shift  will  attend  the  course,  Iraining  shall 
include  physical  layout  of  each  piece  of  hardware,  troubleshooting  and  diagnostics 
procedures,  repair  instructions,  preventive  maintenance  procedures  and  schedules,  and 
calibration  procedures, _ _ _ 
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Central  Refrigerated  Air  Conditioning  System  15650/3.8  8  M  eight-hour  field  training  course  shall  be  conducted  for  the  operating  staff.  Training  shall  include  all 

items  contained  in  the  operating  and  maintenance  instructions,  including  demonstrations  of  routine 
maintenance  operations.  Training  shall  be  performed  after  the  system  is  ftinctionally  complete,  but 
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MaNglWfigg  Pgrwpnfil.Tfflinin8>  This  3-day  system  maintenance  course  shall  be 
taught  at  the  project  site  after  completion  of  endurance  tests.  A  maximum  of  five 
personnel  will  attend.  Upon  completion,  students  shall  be  proficient  in  system 
maintenance.  Training  shall  include: 
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maintenance.  Training  shall  include: 
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Table  5-4. 

Summary  of  Training  Hours  by  Position 


Position 

Total  hours 

Plant  Manager 

260 

Operations  and  Maintenance  Manager 

374 

Computer  Systems  Specialist 

92 

Shift  Foreman 

414 

Control  Operator 

338 

Electronics  Industrial  Controls  Mechanic 

477 

General  Foreman 

556 

Repair  Mechanic 

500 

Pipefitter-Welder 

36 

Electrician 

516 

Administrative  staff 
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Pentagon  Utilities  Plant 
Systems  and  Controls 


This  appendix  describes  the  general  features  of  the  existing  Pentagon  Utili¬ 
ties  Plant  (PUP).  Annex  1  contains  a  more  detailed  description  of  the  plant  sys¬ 
tems,  and  Annex  2  describes  the  PUP  system  controls. 


General  Plant  Description 

The  PUP  provides  heating  steam  to  the  Pentagon,  Navy  Annex  [Federal  Of¬ 
fice  Building  ^OB)  2],  and  Marine  Corps  Headquarters  (Henderson  Hall)  in  the 
Arlington,  Virginia,  area.  The  steam  is  distributed  at  125  psig  through  tunnel 
basements  and  rmderground  piping.  Steam  pressure  is  reduced  at  the  individual 
buildings,  and  condensate  is  returned  to  the  plant.  The  condensate  lines  are 
equipped  with  valves,  strainers,  and  steam  traps.  This  plant  also  provides 
chilled  water  for  air  conditioning  to  the  Pentagon  and  FOB  2. 

The  facility  is  located  east-southeast  of  the  Pentagon  adjacent  to  Inter¬ 
state  395.  Cooling  water  intake  is  from  the  Potomac  River  via  die  lagoon  adja¬ 
cent  to  Columbia  Island.  Makeup  water  is  from  the  D.C.  and  Arlington  County 
water  systems.  Sewage  is  discharged  via  the  plant  sewage  pumping  system  into 
the  Arlhigton  County  sewage  treatment  system. 


Boilers 


The  PUP  has  one  permanently  installed  boiler  (Boiler  No.  1)  and  three  rental 
boilers.  At  one  time,  five  permanentiy  installed  boilers  were  in  place,  but  four 
have  since  been  demolished.  Boiler  No.  1  has  a  capacity  of  125,000  poimds  per 
hour  of  steam,  and  the  rental  boilers  each  have  a  capacity  of  60,000  pounds  per 
hour.  The  rental  boilers  are  mounted  on  truck  trailer  beds.  Steam  conditions  are 
125  psig  and  353°F.  All  boilers  are  equipped  to  bum  natural  gas  or  fuel  oil.  An¬ 
nual  consumption  is  about  80  percent  natural  gas  and  20  percent  fuel  oil  in  the 
summer  and  the  reverse  (20  percent  natural  gas,  80  percent  fuel  oil)  in  the  winter. 
Current  practice  is  to  bum  a  low  sulfur  (less  than  0.2  percent)  grade  No.  2  oil. 


Fuel 


Fuel  oil  is  delivered  by  tmck  and  pumped,  via  the  appropriate  unloading 
station,  to  fuel  oil  storage  tanks. 


A-3 


The  original  tanks  had  a  capacity  of  524,000  gallons,  but  these  were  recently 
dismantled.  The  capacity  of  the  temporary  storage  tank  is  60,000  gallons.  Con¬ 
sumption  during  the  recent  cold  spell  in  1994  was  about  22,000  gallons  per  day, 
and  emergency  shipments  by  tanker  trucks  (7,000  gallons  per  truck)  were  neces¬ 
sary.  Large  capacity  tanks  are  planned  for  the  new  facility.  If  these  are  not  in¬ 
stalled  by  next  winter,  additional  temporary  storage  will  be  sought. 

Natural  gas  is  fed  to  the  plant  by  pipelines  from  Washington  Gas  Light 
Company.  Gas  is  provided  on  an  interruptible  basis,  i.e.,  gas  supply  can  be  cut 
off  during  periods  of  high  demand. 


Forced  Draft  Fans 

Boiler  No.  1  has  a  forced  draft  fan  and  is  a  positive  pressure  furnace.  The 
fan  is  motor-driven.  The  forced  draft  fans  for  the  rental  boilers  are  located  on 
their  individual  trailer  beds. 


Feedwater  System 

The  feed  pumps  have  capacities  of  600  to  800  gallons  per  minute.  The  feed- 
water  system  receives  makeup  from  the  D.C.  and  Arlington  County  water  sys¬ 
tems.  City  water  is  supplied  from  one  of  two  city  water  mams  and  is  piped 
directly  through  zeolite  softeners  to  a  surge  storage  tank  on  the  upper  level  of  the 
boiler  house.  Condensate  returning  from  the  heating  system  is  piped  to  a  receiv¬ 
ing  tank.  From  the  receiving  tank,  the  condensate  is  pumped  by  one  of  the  two 
pumps  through  condensate  polishers  before  being  sent  and  stored  in  the  surge 
tank.  At  the  surge  tank,  the  condensate  and  makeup  water  mix  and  flow  by 
gravity  to  the  two  deaerators  below.  In  the  deaerators,  the  feedwater  is  heated 
and  deaerated  then  flows  to  one  of  the  three  boiler  feed  pumps  on  the  first  floor. 


Combustion  Control 

Boiler  No.  1  is  controlled  by  a  pneumatically  operated  combustion  control 
system  manufactured  by  Coen  Controls.  The  rental  boilers  use  digital  controls 
made  by  Bailey  Meter  Company  and  are  serviced  by  the  leasing  contractor. 


Steam  System 

The  majority  of  the  125  psig  steam  produced  is  used  by  the  Pentagon  and 
Federal  buildings  that  the  plant  serves.  The  steam,  referred  to  as  high  pressure 
steam,  is  also  used  inside  the  plant  to  power  the  turbine-driven  feedwater 
pumps.  The  steam  leaving  these  turbines  is  used  as  low  pressure  steam  in  the 
deaerators  to  heat  and  deaerate  feedwater  and  to  supply  the  plant  heating, 
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ventilation,  and  air  conditioning  system.  The  high  pressure  steam  also  can  be 
piped  through  a  pressure  reducer  (6  psig)  and  used  to  heat  fuel  oil  at  the  fuel  oil 
burner  pumps. 


Refrigeration  Plant 

The  PUP  contains  four  of  its  original  eight  electrically  driven  centrifugal 
chillers  and  seven  rental  chillers  serving  a  common  system.  The  chilled  water 
pumps  deliver  chilled  water  to  each  of  the  buildings  on  the  system  for  air  condi¬ 
tioning.  The  original  chillers  are  rated  at  5,000  tons  each  and  the  rental  chillers  at 
1,000  tons  each.  The  combined  pumping  capacity  of  the  chilled  water  pumps  is 
approximately  51,500  gallons  per  minute.  All  the  chillers  use  the  same  basic  cy¬ 
cle  to  chill  the  water.  Refrigerant  T5rpe  500  (freon)  is  used  in  the  PUP  chillers, 
and  Type  11  is  used  in  the  rental  units.  The  refrigerant  flows  in  the  closed  loop. 
Absorbing  heat  from  the  chilled  water,  the  refrigerant  evaporates  and  travels 
through  the  compressor  to  the  condenser  where  it  gives  up  the  energy  it  ab¬ 
sorbed  from  the  chilled  water  to  the  condenser  water.  The  condenser  water  is 
pumped  from  the  Columbia  Island  lagoon  next  to  ihe  Potomac  River  through  the 
condensers  and  is  returned  to  Roaches  Rim  and  to  the  Potomac  River.  There  are 
six  condenser  water  pumps,  one  traveling  screen,  two  strainers,  and  one  trash 
rack. 

The  design  inlet  temperature  for  the  chiUers  is  88°F.  Plant  personnel  re¬ 
ported  that  the  temperature  has  been  as  high  as  91  °F  during  the  summer.  This 
higher-than-design  temperature  necessitates  a  reduction  in  cooling  capacity. 


Electrical  System 

The  plant's  electrical  distribution  system  is  supplied  by  three  13.2-kV  feeders 
via  230-kV  to  69-kV  transformers  at  the  Virginia  Power  Company  substation  lo¬ 
cated  adjacent  to  PUP.  Two  of  the  three  feeders  are  reduced  in  voltage  to  feed 
the  4,160-V  system,  and  one  is  reduced  in  voltage  to  feed  the  2,300-V  systems. 
Power  for  the  480-V,  three-phase  system  and  the  120/ 180- V,  one-phase  system  is 
provided  by  transformers  located  throughout  the  facility.  Also,  13.2-kV  is  sup¬ 
plied  to  the  Pentagon  where  it  is  reduced  to  480  V. 

Power  from  three  69-kV  feeders  is  available  from  the  Potomac  Electric 
Power  Company  (Pepco)  on  a  standby  basis.^  In  addition,  several  local  emer¬ 
gency  power  sources  are  located  aroimd  the  Pentagon  and  other  buildings. 


’Originally,  Pepco  provided  electricity  to  the  PUP  but  transferred  its  power  supply 
to  Virginia  Power  several  years  ago. 
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Main  Control  Panels 

The  plant's  systems  and  equipment  are  controlled  and  monitored  locally 
from  various  control  panels  and  instruments  located  throughout  the  plant.  The 
following  control  panels  are  installed  in  the  plant: 

♦  Main  control  panel.  This  panel  is  installed  in  a  central  control  room  located 
on  the  first  floor.  It  includes  traditional  hard-wired  controls,  indicators,  and 
recorders  for  Boiler  No.  1  to  allow  partial  monitoring  and  control  of  the 
boiler  and  support  system.  These  include  die  plant  master  control  that 
sends  a  signal  to  the  boiler  master  to  increase  or  decrease  the  firing  rate  of 
the  boiler  as  determined  by  the  main  header  pressure.  The  boiler  master,  in 
turn,  sends  a  signal  to  the  fuel  and  air  control  systems  to  regulate  the  firing 
rate.  During  normal  operation,  this  is  done  automatically  by  a  combination 
of  pneumatic  and  electric  controls.  During  start-up,  shutdown,  and  abnor¬ 
mal  conditions,  the  system  is  put  in  manual  to  allow  the  operator  to  control 
the  boiler  firing.  Most  ofiier  plant  control  functions  are  performed  by  a 
combination  of  local  manual  controls  and  auto/ manual  controllers  through¬ 
out  the  plant.  No  significant  microprocessor  or  digital  controls  are  used  for 
control  or  monitoring  of  Boiler  No.  1.  Local  controls  for  the  rental  boilers 
are  located  at  the  front  of  their  respective  truck  beds.  These  include  a  digital 
master  control  panel  and  local  controls  and  indicators  on  each  of  the  three 
boilers.  Plant  personnel  operate  these  rental  boiler  controls,  but  contract 
personnel  perform  the  maintenance,  troubleshooting,  and  calibration. 

♦  E£frigeration  control  panel.  This  control  panel  is  located  on  the  floor  of  the  re¬ 
frigerant  plant  and  is  used  for  controlling  and  monitoring  tiie  operation  of 
the  original  chiQers.  Recently  added  digital  control  panels  allow  semi- 
automated  operation  of  many  chiller  fimctions,  including  start-up.  Digital 
controls  for  ^e  rental  chillers  are  located  on  their  respective  skids.  Contract 
personnel  maintain  these  rental  units  and  their  controls. 


Sewage  Pumping  Station 

Responsibilities  of  PUP  include  the  sewage  pumping  station  that  handles  ef¬ 
fluent  from  the  Pentagon,  the  heating/  refrigeration  plant,  and  Arlington  Ceme¬ 
tery.  The  sewage  pumping  station  is  located  at  the  north  end  of  the  North 
Parking  Area,  about  a  10-minute  drive  firom  the  PUP  facility.  The  sewage  pump¬ 
ing  station  includes  a  comminutor,  piping,  valves,  and  pumps  that  are  checked 
every  watch  by  PUP  shift  personnel.  The  sewage  is  pumped  from  the  holding 
area  to  the  Arlington  County  Sewage  Treatment  System  via  Arlington  sewage 
lines. 
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Appendix  A  Annex  1 


Pentagon  Utilities  Plant 
Systems  Description 


Pentagon  Utilities  Plant 
Systems  Description 


General  Arrangement 

The  Pentagon  Utilities  Plant  (PUP)  has  three  basic  sections:  the  boiler  plant, 
the  refrigeration  plant,  and  the  exterior,  which  is  used  for  fuel  storage,  electrical 
switchhouses,  and  other  systems.  Figures  Al-1,  Al-2,  and  Al-3  show  the  general 
arrangement  of  the  plant.  The  plant's  major  systems,  and  their  major  compo¬ 
nents,  are  listed  below: 

♦  Feedwater-condensate  systems,  including  two  deaerating  heaters 

♦  Sewage  system,  including  three  sewage  pumps,  sewage  comminutor,  two 
sump  pumps,  sewage  ejector,  and  two  sewage  collecting  tanks 

♦  Combustion  air  and  flue  gas  system,  with  six  air  compressors  and  associated 
air  receivers,  aftercoolers,  and  dryers 

♦  Steam  generation  systems,  including  one  permanently  installed  plant  steam 
boiler  —  with  forced  draft  fairs,  soot  blowing  systems,  blowdown  systems, 
and  fuel  firing  systems  —  and  three  rental  boilers 

♦  Steam  distribution  systems,  including  high  pressure  steam  piping,  isolation 
valves,  expansion  joints,  and  supports 

♦  Fuel  systems,  including  three  fuel  oil  unloading  pumps  and  three  fuel  oil 
burner  pumps 

♦  Refrigeration  systems,  including  four  5,000-ton  chillers  —  with  chiller  con¬ 
densers  and  chilled  water  coolers  —  and  seven  rental  chillers,  six  condenser 
water  pumps,  and  six  chilled  water  pumps 

♦  Electrical  systems,  including  the  following  components: 

►  Five  1,200  amp,  13.2-kV  air-cooled  circuit  breakers 

►  Twelve  1,200  amp,  13.2-kV  bus  ties 

►  Three  13,200/2,500-V  step-down  transformers 

►  Four  13,200/ 4,160/ 2,400-V  step-down  transformers 

►  Five  2,300/480/277-V  step-down  transformers 
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♦  Auxiliary  systems. 


The  principal  features  of  the  PUP  systems  are  discussed  below. 


Feedwater-Condensate  Systems 

The  feedwater-condensate  systems  include  the  city  water,  treated  water, 
boiler  feedwater,  and  boiler  chemistry  control  systems. 


City  Water  System 

The  function  of  the  city  water  system  is  to  provide  water  to  the  various  plant 
operating  systems  (see  Figure  Al-4).  Three  iidet  lines,  two  from  the  District  of 
Columbia  and  one  from  Arlington  County,  feed  the  PUP  supply  header,  which, 
in  turn,  supplies  water  to  the  condensate  system  (makeup  water),  locker  rooms, 
rest  room  wash,  drinking  foimtains,  hot  water  tanks,  and  plant  wash  outlets. 
City  water  also  supplies  water,  in  the  event  of  emergency  conditions,  to  the  fire 
systems,  the  surge  tank,  the  condensate  polishers,  and  the  zeolite  softeners  for 
prefilling  the  entire  treated  water  system  for  a  plant  cold  start.  Also,  city  water  is 
used  as  makeup  for  chilled  water  plant.  This  system  is  located  in  the  basement 
of  the  chiller  plant. 


Treated  Water  System 

The  function  of  the  treated  water  system  is  to  treat  and  filter  raw  city  water 
to  produce  softened  feedwater  used  in  steam  generation.  The  treated  feedwater 
is  stored  prior  to  delivery  to  the  feed  pumps. 

The  treated  water  system  consists  of  two  deaerating  heaters  and  two  zeolite 
softeners  that  deaerate  and  remove  scale-producing  compotmds  from  the  water 
(see  Figure  Al-5).  The  water  from  the  zeolite  softeners  passes  to  the  surge  tank 
and  into  the  deaerators  to  provide  feedwater  suction 

The  treated  water  system  also  includes  several  subsystems  that  support  its 
operation: 

♦  Zeolite  softener  regeneration  subsystem,  which  is  used  to  regenerate  the 
zeolite  bed 

♦  Brine  subsystem,  which  provides  the  brine  solution  for  generating  the  sof¬ 
teners 

♦  Chemical  feed  subsystem,  which  is  provided  with  treated  water  to  dilute  the 
chemicals  prior  to  injection  into  the  boilers 
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♦  Effluent  sample  subsystems,  which  enable  the  operator  to  determine  if  the 
zeolite  softeners  are  functioning  properly 

♦  Low  pressure  steam  subsystem,  which  provides  steam  for  raising  the  tem¬ 
peratures  and  deaerating  the  feedwater  in  the  deaerators 

♦  City  water  subsystem,  which  provides  water  to  the  treated  water  system  to 
fulfill  plant  steam  generating  requirements. 


Boiler  Feedwater  System 

The  boiler  feedwater  system  (shown  in  Figure  Al-6)  consists  of  two  deaera¬ 
tor  storage  tanks  that  store  the  feedwater  and  three  feedwater  pumps  that  can 
transfer  the  feedwater  to  the  boilers.  The  feedwater  pumps  are  provided  with 
secondary  subsystems  that  allow  feedwater  to  be  recirculated  back  to  the  surge 
tank  if  necessary  to  maintain  a  proper  suction  head. 


Boiler  Chemistry  Control  System 

The  boiler  chemistry  control  system  consists  of  a  chemical  station  that  sup¬ 
plies  the  feedwater  system  with  chemicals  and  a  continuous  blowdown  system 
that  samples,  measures,  and  reduces  the  contamination  levels  in  the  boiler  water 
(see  Figure  Al-7). 


Sewage  System 

The  plant  sewage  system  routes  wastewater  to  the  Arlington  city  sewers 
from  the  PUP,  the  Pentagon  (services  and  sanitary  services),  the  Arlington  Ceme¬ 
tery  Visitors  Center,  and  the  incinerator.  The  system  consists  of  storm  water, 
sanitary  water,  and  plant  process  wastewater  and  incinerator  quench  water  sub¬ 
systems  (see  Figure  Al-8).  The  wastewater  system  is  equipped  with  intercepting 
traps  that  prevent  debris  and  sewage  from  backing  up  into  the  lines.  The  sani¬ 
tary  waste  and  plant  process  waste  subsystems  also  are  equipped  with  traps  that 
prevent  sewer  gases  from  backing  into  the  lines.  Also,  tiie  plant's  sewage  system 
handles  wastewater  and  ash  pit  water  from  the  incinerator  building,  located  west 
of  the  plant 

The  ground  water  system  is  directly  connected  to  the  city  storm  sewers  that 
empty  into  the  Potomac  River.  Sanitary  and  process  wastewater  from  tihe  plant 
and  incinerator  enters  the  sewage  pumping  station  and  then  is  pumped  into  the 
Arlington  sanitary  sewage  system  to  be  treated  at  its  sewage  treatment  plant. 


Combustion  Air  and  Flue  Gas  System 

The  function  of  the  combustion  air  system  is  to  supply  air  to  the  boiler  fur¬ 
nace  to  ensure  the  complete  combustion  of  the  fuel  oil  supplied  to  the  furnace. 
The  function  of  the  flue  gas  system  is  to  remove  the  gases  resulting  from  the 
combustion  of  fuel  in  the  boiler. 

The  combustion  air  and  flue  gas  system  for  Boiler  No.  1  consists  of  a  forced 
draft  fan  that  supplies  combustion  air  into  the  himace  (see  Figure  Al-9).  The 
flue  gas  discharges  into  the  atmosphere  through  the  stack.  The  air  emd  gas  sys¬ 
tems  for  the  three  rental  boilers  include  individual  forced  draft  fans  mounted  on 
tile  truck  beds  and  exhaust  stacks  mounted  at  the  furnace  outlets. 


Steam  Generation  Systems 

The  steam  generation  systems  include  Boiler  No.  1  with  its  soot  blowing  and 
blowdown  systems  and  three  rental  boilers. 


Boiler  No.  1 


Boiler  No.  1  has  a  design  capacity  of  125,000  pounds  per  hour  of  saturated 
steam  at  125  psig  and  353°F.  The  steam  generation  system  consists  of  a  steam 
drum,  which  allows  for  the  distribution  and  separation  of  incoming  feedwater 
and  outgoing  steam,  and  a  water  drum  that  holds  and  supplies  boiler  water  to 
the  side,  front,  and  rear  waterwall  tubes  and  to  the  steam  generating  tubes  (see 
Figure  Al-10).  The  steam  drum  is  equipped  with  outlet  connections  that  allow 
for  venting,  overpressure  protection  (safety  valves),  steam  discharge,  and  blow¬ 
down. 

The  steam  generation  system  also  includes  several  subsystems  that  support 
plant  operation: 

♦  High  pressure  steam  subsystem  that  provides  high  pressure  steam  for  fuel 
atomization 

♦  High  pressure  steam  subsystem  that  provides  steam  for  feedwater  turbines 

♦  Low  pressure  steam  subsystem  for  feedwater  heating  and  space  heating. 


Soot  Blowing  System  —  Boiler  No.  1 

The  soot  blowing  system  consists  of  two  air-puti-type  soot  blowers  on 
Boiler  No.  1;  both  are  in  the  generating  tube  bank  (see  Figure  Al-11).  These 
blowers  are  controlled  tiirough  a  control  panel  to  keep  the  boiler  fireside  surfaces 
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clean.  The  soot  blowers  are  utilized  as  often  as  necessary,  and  according  to 
boiler  operating  conditions,  to  maintain  efficient  steam  generation. 


Blowdown  System  —  Boiler  No.  1 

The  boiler  blowdown  system  removes  dissolved  and  tmdissolved  solids 
from  water  in  the  boiler  steam  drum,  mud  drum,  and  water  wall  headers  in  or¬ 
der  to  control  boiler  water  chemistry.  The  blowdown  system  (surface  and  bot¬ 
tom  blowdown),  illustrated  in  Figure  Al-12,  contains  blowdown  control  valves 
that  regulate  the  flow  of  boiler  water  into  the  blowdown  system,  a  blowdown 
heat  exchanger  to  recover  heat  and  steam  from  the  continuous  boiler  blowdown 
water,  and  a  blowdown  separator  to  separate  and  dispose  of  flash  steam  and  hot 
blowdown  water. 

The  boiler  blowdown  system  also  includes  severed  subsystems: 

♦  City  water  subsystem,  which  provides  water  to  the  blowdown  separator  to 
cool  bottom  blowdown  and  the  continuous  blowdown  from  the  blowdown 
heat  exchangers 

♦  Plant  sewage  subsystem,  which  pumps  waste  blowdown  and  condensate  to 
the  city  sanitary  sewer  system 

♦  Automatic  conductivity  control  subsystem. 

Rental  Boilers 


The  three  rental  boilers  are  rated  at  60,000  pounds  per  hour  each  at  125  psig 
and  353°F.  (Plant  personnel  indicated  that  the  maximum  output  is  limited  to 
about  40,000  pounds  per  hour  for  reliable  operation.)  The  rental  boilers  receive 
feedwater  from  the  main  header,  as  shown  on  Figure  Al-6,  and  the  outlet  steam 
is  fed  to  the  common  steam  header.  Digital  combustion  controls,  manufactured 
by  Bailey  Meter  Company,  are  provided  for  each  boiler.  Start-up  and  shutdown 
are  semiautomatic,  requiring  only  push-button  operation  and  observations  by 
the  operator.  Blowdown  from  the  rental  boilers  is  piped  to  the  blowdown  sys¬ 
tem  serving  Boiler  No.  1. 


Steam  Distribution  Systems 


The  steam  systems  include  the  high  and  low  pressure  steam  systems  and  frie 
condensate  return  system. 
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High  Pressure  Steam  System 

The  function  of  the  high  pressure  steam  system  is  to  route  the  steam  gener¬ 
ated  in  the  boilers  through  a  steam  distribution  system  to  the  Pentagon,  Federal 
Office  Building  2  (Navy  Annex),  and  Henderson  Hall  where  the  steam  is  used 
for  space  heating,  cafeteria  use,  and  cleaning.  In  addition,  tiie  system  also  pro¬ 
vides  high  pressure  steam  throughout  the  PUP  for  operating  auxiliary  plant 
equipment,  such  as  pump  turbines  and  soot  blowers,  and  for  heating  feedwater 
and  fuel  oil  (see  Figure  Al-13). 

High  pressure  steam  is  supplied  through  10-inch  transfer  lines  to  a  20-inch 
main  supply  header  loop  inside  the  plant.  The  main  supply  header  loop  is  fed 
from  all  boilers  and  is  equipped  with  isolation  valves.  Connections  off  the  main 
supply  header  loop  consist  of  6-  and  8-inch  auxiliary  plant  headers,  and  a  16-inch 
header  through  the  tunnel  to  tire  steam  distribution  system.  The  steam  distribu¬ 
tion  system  supplies  high  pressure  steam  for  heating  the  Pentagon  and  other 
government  buildings.  Once  the  steam  is  condensed,  the  condensate  is  returned 
through  an  8-inch  condensate  line. 

The  high  pressure  steam  system  consists  of  several  subsystems  that  support 
its  operation: 

♦  Plant  main  steam  header,  which  loops  around  the  plant  and  may  be  divided 
at  several  places,  if  necessary,  in  emergencies 

♦  Auxiliary  metered  steam  header  (from  the  main  steam  header),  which  sup¬ 
plies  plant  steam  turbines  and  other  plant  steam  requirements 

♦  Condensate  drain  subsystem,  which  collects  high  pressure  condensate  and 
protects  system  piping  and  components  from  damaging  the  water  hammer. 

Low  Pressure  Steam  System 

The  low  pressure  steam  system  supplies  steam  to  the  surge  tank  and  deaera¬ 
tors  for  feedwater  heating  and  to  room  air  heaters  for  space  heating.  The  low 
pressure  steam  system  consists  of  a  steam  distribution  pipeline  system  with  iso¬ 
lation  and  control  valves  that  regulate  the  flow  of  steam  throughout  the  plant. 

The  low  pressure  system  normally  is  supplied  from  the  exhaust  from  the 
plant's  feedwater  turbines.  A  pressure-reducing  valve  is  also  provided  to  supply 
high  pressure  steam  makeup  for  the  low  pressure  steam  system,  if  necessary. 
The  low  pressure  steam  system  is  illustrated  in  Figure  Al-14. 


Condensate  Return  System 

The  condensate  return  system  consists  of  the  high  pressure  condensate  re¬ 
turn  and  low  pressure  condensate  return  systems. 
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The  high  pressure  condensate  system  consists  of  high  pressure  drains  from 
the  Pentagon  steam  supply  piping  and  the  plant  high  pressure  steam  piping. 
This  high  pressure  condensate  is  returned  directly  into  the  deaerating  storage 
tanks. 

The  low  pressure  condensate  return  system  consists  of  low  pressure  drains 
from  the  plant  low  pressure  steam  system,  condensate  from  the  buildings  and 
condensate  from  the  heating,  ventilation,  and  air  conditioning  (HVAC)  system 
inside  the  plant.  Low  pressure  condensate  is  pumped  to  the  condensate  polish¬ 
ers  for  chemical  softening  and  tiien  to  Ae  surge  tank  for  storage  (see 
Figure  Al-15). 


Fuel  Systems 


The  fuel  system  includes  the  fuel  oil  handling  and  firing  systems. 


Fuel  Oil  Handling  System 

The  fuel  oil  handling  system  consists  of  truck  unloading  stations  for  the  de¬ 
livery  of  fuel  oil.  The  fuel  oil  unloading  stations  empty  into  the  transfer  tank. 
The  fuel  oil  handling  system  is  equipped  with  unloading  pumps  that  transfer  the 
delivered  fuel  from  the  transfer  tank  to  the  three  fuel  oil  storage  tanks.  Fuel  in 
the  storage  tanks  is  supplied  to  the  fuel  oil  system  for  the  boilers  (see 
Figure  Al-16). 


Fuel  Oil  Firing  System 

The  fuel  oil  firing  system  consists  of  storage  tanks  and  burner  pumps  that 
route  fuel  oil  to  the  burners  from  the  oil  storage  tanks  (see  Figure  Al-1^.  The 
fuel  oil  pumps  are  equipped  with  suction  and  discharge  duplex  strainers  that  re¬ 
move  debris  carried  tiuough  the  lines.  Heaters  in  the  fuel  oil  lines  heat  the  sup¬ 
ply  fuel  oil  to  increase  the  efficiency  of  the  atomizing  process. 

The  fuel  oil  firing  system  also  includes  several  subsystems: 

♦  Natural  gas  ignition  subsystem,  which  supplies  gas  to  the  boiler  igniter  sys¬ 
tem  for  main  burner  start-up 

♦  Fuel  oil  atomizing  subsystem,  which  is  supplied  with  steam  for  fuel  oil  at¬ 
omization  and  line  purging 

♦  Combustion  air  subsystem,  which  uses  forced  draft  fans  to  supply  combus¬ 
tion  air  to  the  boiler  furnaces. 
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Refrigeration  Systems 


The  refrigeration  systems  include  the  condenser  water,  chilled  water,  and 
chiller  systems. 


Condenser  Water  System 

The  condenser  water  system  supplies  water  to  the  refrigeration  plant  chillers 
for  removing  heat  contained  in  the  refrigerant.  The  condenser  water  system  con¬ 
sists  of  condensers  that  provide  the  means  for  the  refrigerant  heat  removal.  The 
condenser  water  source  is  the  Potomac  River  via  the  lagoon  adjoining  Columbia 
Island.  Water  from  the  river  enters  the  condenser  water  pit  after  passing  through 
a  bar  screen,  two  sluice  gates,  and  the  traveling  screen  located  at  the  lagoon.  The 
system  is  equipped  with  six  condenser  pumps  that  route  water  from  the  con¬ 
denser  water  supply  pit  through  two  automatic  strainers  to  the  condensers  and 
back  to  the  river  (see  Figure  Al-18).  The  design  temperature  of  the  chillers  is 
89°F.  However,  temperatures  in  the  lagoon  have  exceeded  this  design  limit  by  a 
few  degrees  on  some  occasions  (up  to  about  91®F). 


ChiUed  Water  System 

The  chilled  water  system  routes  chilled  water  to  heat  exchangers  to  condi¬ 
tion  and  cool  the  air  at  the  various  buildings  on  the  system.  The  chilled  water 
system  consists  of  a  six  pumps  connected  to  a  piping  manifold  tiiat  circulates 
water  through  the  chiller  evaporators  and  then  to  the  various  buildings  in  the 
system  and  back  again  to  the  pumps.  This  system  is  a  closed  loop  system  (see 
Figure  Al-19).  Isolation  valves  for  each  of  the  six  chilled  water  pumps  enable  the 
operator  to  isolate  each  ptunp  as  needed. 

The  chilled  water  system  also  includes  a  makeup  system  that  supplies  dty 
water  to  the  system,  when  necessary,  to  maintain  normal  operating  conditions. 
A  chemical  feed  system  provides  for  the  injection  of  chemicals  for  corrosion  con¬ 
trol. 


ChiUer  System 


The  chiller  system  removes  the  heat  absorbed  by  the  chilled  water  in  the 
buildings  in  the  system  and  transfers  that  heat  to  the  condenser  water.  At  one 
time,  eight  permanently  installed  chillers  were  in  place  at  the  utilities  plant.  Of 
these  eight  chillers  (one  of  which  was  decommissioned  many  years  ago),  four 
chillers,  rated  at  5,000  tons  each,  remain  in  service.  These  are  supplemented  by 
seven  rental  chillers  rated  at  1,000  tons  each. 

The  chiller  system  consists  of  a  refrigerant  compressor,  condenser,  and 
evaporator  that  permit  the  refrigerant  to  cool  the  warm  chilled  water  passing 


Al-10 


through  the  cooler.  The  chillers  are  equipped  with  a  refrigerant  pump  system 
that  allows  removal  and  addition  of  refrigerant  from  the  chillers  (see 
Figure  Al-20). 

The  chiller  systems  also  include  subsystems: 

♦  Compressor  oil  subsystem,  which  provides  lubrication  and  cooling  of  the 
compressor' s  journal  and  thrust  bearings  and  serves  as  a  shaft  seal 

♦  Air  purge  subsystem,  which  provides  the  means  for  removal  of  noncon¬ 
densable  gases  from  the  chillers 

♦  Refrigerant  gas  leak  detection  subsystem,  which  checks  and  notifies, 
through  alarms,  of  refrigerant  leaks  at  die  pump-out  receivers 

♦  Pumpdown  subsystem,  including  storage  tanks. 


Electrical  Systems 


The  electrical  systems  consist  of  high  and  low  voltage  systems. 


High  Voltage  System 

The  PUP  high  voltage  system  receives  its  power  from  three  13.2-kV  Virginia 
Power  Company  feeders  located  in  Switchhouse  No.  1.  The  13.2-kV  switchgear 
in  Switchhouse  No.  1  feeds  the  13.2-kV  switchgear  in  Switchhouse  No.  2,  the 
4,160-V  transformers,  and  the  Pentagon.  Switchhouse  No.  2  provides  power  to 
the  refrigeration  plant  chiller  units. 

The  13.2-kV  switchgear  in  Switchhouse  No.  1  also  feeds  three 
13,200/ 2,500-V  station  service  transformers  for  use  at  the  2300-V  switchgear  (see 
Figure  Al-21).  The  2,300-V  switchgear  supplies  the  lower  voltage  loads  in  the 
plant.  All  high  voltage  switchgears  are  controlled  locally  at  the  switchgears  and 
are  provided  with  emergency  control  power  by  a  125-V  direct  current  (DC)  bat¬ 
tery  system. 


Low  Voltage  System  (480/208/120  V) 

The  low  voltage  system  receives  power  from  the  high  voltage  system  and, 
after  transforming  it  down  to  the  required  voltage,  supplies  all  of  the  plant's 
lower  voltage  loads. 

The  low  voltage  system  is  used  for  lighting  and  controlling  auxiliary  electri¬ 
cal  loads  (see  Figure  Al-22).  The  loads  supplied  by  the  low  voltage  system  are 
powered  from  switchboards,  motor  control  centers,  and  power  panels.  All 
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voltage  to  these  panels  and  boards  must  be  transformed  down  from  a  higher 
value  of  supply  voltage  by  means  of  various  transformers  rated  at  specific  volt¬ 
ages. 

Two  DC  voltage  systems  convert  the  low  voltage  system  supply  to  DC  to 
charge  the  battery  banks  used  to  switch  (or  operate)  the  high  voltage  system 
switchgears.  The  DC  system  offers  an  uninterrupted  source  of  control  voltage 
for  the  safe  operation  of  the  high  voltage  switchgear. 


Auxiliary  Systems 

Auxiliary  plant  systems  include  compressed  and  instrument  air,  plant  serv¬ 
ices  (including  communications  and  HVAC),  and  fire  protection. 


Compressed  Air  System 

The  function  of  the  compressed  air  system  is  to  supply  compressed  air 
throughout  the  plant  for  operating  pneumatic  tools  and  components  and  for  sys¬ 
tem  control  (instrument  air)  applications.  The  compressed  air  system  consists  of 
air  compressors,  air  dryers,  and  storage  receivers  that  maintain  and  supply  com¬ 
pressed  air  for  plant  operation  and  for  the  Pentagon.  Compressed  air  is  supplied 
to  air  receivers  from  the  air  compressors  and  is  then  supplied  to  the  service  and 
instrument  air  systems  to  meet  file  plant  demands  (see  Figure  Al-23). 

The  compressed  air  system  also  includes  a  water  cooling  system  that  sup¬ 
ports  compressor  operation  and  routes  water  fiirough  aftercoolers  to  cool  the  dis¬ 
charge  air  prior  to  distribution  to  the  compressed  air  system  and  through 
compressor  water  jackets  to  remove  the  heat  generated  during  the  air  compres¬ 
sion  process. 


Plant  Services  Systems 

The  plant  services  systems  provide  support  services  required  for  daily  plant 
operations.  Plant  services  include  a  vacuum  system  for  housekeeping  services,  a 
service  elevator  for  transportation,  a  telephone/intercom  system  for  plant  com¬ 
munications,  an  HVAC  system  for  dimate  control,  and  two  overhead  cranes  in 
the  refrigeration  plant  for  moving  Ictfge  refrigeration  equipment. 


Fire  Protection  System 

The  fire  protection  system  includes  a  foam  fire  system  at  the  fuel  oil  unload¬ 
ing  tank  and  a  standpipe  and  water  sprinkler  system  throughout  the  interior  of 
the  plant. 
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II  LOCATION  OF  NEW  PLANT 
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Figure  A-1.  General  Arrangement  Pentagon  Utilities  Plant  -  Adapted  From 
Virginia  Heating  and  Refrigeration  Plant  Operations  Manuai,  Juiy  1987 
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Figure  A-2.  Operating  Floor  Elevation  20'-0"  Boiler.  Plant  -  Adapted  From 
Virginia  Heating  and  Refrigeration  Plant  Operations  Manual.  July  1987 
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Figure  A-3.  Operating  Floor  Refrigeration  Plant  -  Adapted  From 
Virginia  Heating  and  Refrigeration  Plant  Operations  Manual,  July  1987 
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Figure  A"4.  City  Water  and  Fire  Hydrant  System  -  Adapted  From 
Virginia  Heating  and  Refrigeration  Plant  Operations  Manual,  July  1987 
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Figure  A-5.  Treated  Feedwater  System  >  Adapted  From  Virginia 
Heating  and  Refrigeration  Piant  Operations  Manual,  July  1987 


Figure  A-6.  Boiler  Feedwater  System  -  Adapted  From  Virginia 
Heating  and  Refrigeration  Plant  Operations  Manual,  July  1987 


TO  SUCTION  LINE  OF  EACH 

BOILER  FEED  PUMP  TO  DEAERATORS 
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Figure  A-7.  Doller  Chemistry  Control  System'  -  Adapted  From  Virginia 
Heating  and  Refrigeration  Plant  Operations  Manual,  July  1987 


FLOOR  PLANT  PROCESS 
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Figure  A-8.  Sewage  System  -  Adapted  Prom  'Virginia  Heating  and 
Refrigeration  Piant  Operations  Manual,  July  1987 
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Figure  A-9.  Combustion  Air  and  Flue  Gas  System*  Boiler  No.  1  -  Adapted 
From  Virginia  Heating  and  Refrigeration  Plant  Operations  Manual,  July  1987 


ECONOMIZER  REMOVED 


-22 


Figure  A>10.  Schematic  Arrangement  Boiler  No.  I  •  Adapted  From 
Virginia  Heating  and  Refrigeration  Plant  Operations  Manual,  July  1987 
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Figure  A-ll.  Soot  Blowing  System  Boiler  No/  1  -  Adapted  From 
Virginia  Heating  and  Refrigeration  Plant  Operations  Manual,  July  1987 
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Figure  A>12.  Boiler  Blow 
Virginia  Heating  and  Refri. 


SOURCES  OF  LOW  PRESSURE  STEAM 
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Figure  A-14.  Low  Pressure  Steam  System  -  Adapted  From  Virginia  Heating 
and  Refrigeration  Plant  Operations  Manual,  July  1987 


CONDENSATE 


Figure  A-15.  Condensate  Return  System  -  Adapted  From  Virginia  Heating 
and  Refrigeration  Plant  Operations  Manual,  July  1987 
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Figure  A-16.  Fuel  Oil  Handling  System  -  Adaptefl  From  Virginia  Heating 
and  Refrigeration  Plant  Operations  Manual,  July  1987 


TO  POTOMIC  RIVER 
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Figure  A-18.  Condenser  Water  System  -  Adapted  From  Virginia  Heating 
and  Refrigeration  Plant  Operations  Manual,  July  1987 


YORK  CHCLLEO  WATER  COOLERS 
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Figure  A-19.  Chilled  Water  System  -  Adapted  From  Virginia  Heating 
and  Refrigeration  Plant  Operations  Manual,  July  1987 


REFRIGERANT  VAPOR  • 
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Figure  A-20.  Chiller  System  -  Adapted  From  Virginia  Heating  and 
Refrigeration  Plant  Operations  Manual,  July  1987 


FEED  TO  RENTAL  CHILLERS 
NOT  SHOWN 
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Figure  A-21.  High  Voltage  Distribution  System  -  Adapted  From  Virginia 
Heating  and  Refrigeration  Plant  Operations  Manual,  July  1987 
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Figure  A-22.  Low  Voltage  Distribution  System  -  Adapted  From  Virginia 
Heating  and  Refrigeration  Plant  Operations  Manual,  July  1987 


TO  PRECIPITATORS 
AND  ASH 
eOUlPMCMT 


Figure  A-23.  Compressed  Air  System  -  Adapted  From  Virginia  Heating 
and  Refrigeration  Plant  Operations  Manual,  July  1987 
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Pentagon  Utilities  Plant 
System  Controls 


Pentagon  Utilities  Plant 
System  Controls 

Overview 


The  Pentagon  Utilities  Plant  includes  the  following  major  system  groups; 

♦  Feedwater-condensate  systems 

♦  Sewage  systems 

♦  Boiler  systems 

♦  Refrigeration  systems 

♦  Electrical  systems 

♦  Auxiliary  systems. 

The  description  of  the  controls  for  these  systems  is  based  on  information  in 
the  Virginia  Heating  and  B^ngeration  Plant  Operations  Manual  and  Training  Man¬ 
ual,  which  were  prepared  in  1987.  These  do  not  reflect  the  changes  since  made 
to  the  plant,  including  the  decommissioning  of  four  boilers  and  chillers,  the  in¬ 
stallation  of  rental  boilers  and  chillers,  and  the  installation  of  new  digital  controls 
for  the  refrigeration  systems. 


Feedwater-Condensate  Systems 

The  feedwater-condensate  systems  include  controls  for  die  condensate  tank, 
condensate  receiver  tank  level,  and  pmnp;  condensate  polishers;  and  deaerator 
temperature. 


Condensate  Tank,  Condensate  Receiver  Tank  Level, 
and  Pump  Control 

The  condensate  receiver  tank  level  control  is  maintained  via  two  level  float 
switches,  one  mechanical  and  one  electric^,  that  turn  the  two  pumps  on  and  off. 
The  condensate  tank  level  control  is  maintained  by  a  single  level-control  float 
switch  that  turns  the  condensate  pump  on  and  off  at  low  and  high  water  level 
setpoints,  respectively. 
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Condensate  Polisher  Control 


The  condensate  polishers  are  operated  from  a  control  panel  near  the  polish¬ 
ers  and  from  a  solenoid  valve  control  box  at  each  polisher.  Controls  include 
power  on/ off  switches,  pushbuttons  for  reset  and  start  regeneration,  selector 
switches  for  selecting  the  mode  of  regeneration  and  units  on  stream,  and  controls 
for  the  sulfite  pump  and  brine  pumps. 


Deaerator  Temperature  Control 

Deaerator  temperature  control  is  maintained  through  a  temperature  sensing 
element  that  signals  the  actuator  control  valve  for  the  low  pressure  steam  to  the 
deaerator. 


Sewage  Systems 

The  sewage  systems  include  controls  for  tiie  sump  pumps  and  sewage  ejec¬ 
tor  pumps. 

Controls  for  the  sump  pumps  are  of  the  auto/start/stop  type.  In  the  auto¬ 
matic  mode,  the  pumps  are  controlled  by  float  switches.  Alarms  soimd  in  the 
control  station  when  the  water  level  gets  too  high. 

The  sewage  ejector  pumps  are  equipped  with  hand/off/auto  toggle 
switches.  Float  switches  control  the  pumps  in  a  lead-lag  tandem  mode  such  that 
a  second  pump  is  started  as  the  water  level  increases.  If  two  pumps  are  unable 
to  terminate  the  rise  in  level,  an  alarm  is  set  off.  An  alarm  also  detects  failure  of 
the  seals  on  the  ejector  pumps.  The  alarms  sound  in  the  control  station. 


Boiler  Systems 

The  boiler  systems  include  controls  for  the  combustion,  steam  drum  level, 
steam  flow  and  pressure,  continuous  blowdown,  and  blowdown  separator  dis¬ 
charge  temperature  control. 


Combustion  Control 

An  overview  of  the  combustion  control  system  is  shown  in  Figure  A2-1.  The 
combustion  control  system  is  made  up  of  three  major  control  loops,  which  func¬ 
tion  as  follows: 

♦  The  fuel  oil  loop  regulates  the  fuel  input  to  the  boiler  to  maintain  a  constant 
supply  of  steam  at  a  constant  pressure. 
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♦  The  combustion  air  control  loop  regulates  the  air  input  to  the  boiler  in  cor¬ 
rect  proportion  to  the  fuel  input  to  ensure  complete  combustion. 

♦  The  atomizing  steam  flow  control  loop  senses  the  fuel  oil-to-bumer  pressure 
and  steam-to-bumer  pressure  and  maintains  the  steam  pressure  higher  than 
the  oil  pressure. 

The  combustion  control  system  includes 

♦  transmitters  for  pressure,  temperatme,  flow,  level,  and  oxygen  analyzers. 

♦  valve  positioners  and  electric  positioners. 

The  main  plant  steam  header  pressmre  transmitter  senses  tiie  plant  outlet 
steam  pressure  and,  through  the  plant  master,  sends  a  pneumatic  signal  to  the 
boiler  master.  At  the  boiler  master,  this  signal  is  adjusted  in  proportion  to  total 
plant  load  the  operator  wants  the  boiler  to  carry.  From  the  boiler  master,  the  sig¬ 
nal  is  transmitted  to  the  master  controller  on  the  burner  front.  The  controller 
converts  the  pneumatic  signal  to  an  electric  signal  that  positions  the  fuel  oil  con¬ 
trol  valve  and  burner  registers  through  mechanical  linkages.  Forced  draft  inlet 
and  outlet  dampers  operate  together  to  control  the  air  flow  and  furnace  pressure. 

The  boiler  control  panel,  located  in  the  control  room  on  the  first  floor,  allows 
manual  control  of  the  boiler.  It  contains  the  controllers  that  compare  or  combine 
the  various  transmitter  signals  to  produce  the  proper  output  signals  to  the  regu¬ 
lating  devices;  it  also  contains  various  instruments  for  monitoring  pressure,  flow, 
and  temperature. 

The  function  of  the  boiler  control  station  is  to  allow  manual  interaction  with 
the  automatic  combustion  controls  by  manually  controlling  the  pneumatic  signal 
to  the  regulating  device. 

The  combustion  control  station  contains 

♦  adjustable  setpoint  pneumatic  relay  stations, 

♦  adjustable  bias  pneumatic  relay  stations, 

♦  manual  electric  control  stations,  and 

♦  electric  transfer  control  stations. 

The  adjustable  setpoint  pneumatic  relay  station  is  used  for  the  plant  master 
station  and  allows  the  steam  pressure  setpoint  to  be  adjusted  manually  and  al¬ 
lows  substitution  of  the  automatic  signal  with  a  manual  signal. 

The  only  adjustable  bias  relay  station  is  the  boiler  master,  which  allows  the 
automatic  control  signal  to  be  adjusted  manually  (biased)  by  the  operator  to 
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adjust  boiler  load  so  that  it  represents  a  greater  or  lesser  share  of  the  total  plant 
load. 

The  control  stations  are  used  for  the  forced  draft  fan  control;  these  stations 
receive  an  automatic  electric  signal,  which  can  be  overridden  by  manual  control 
at  the  control  station.  The  electric  transfer  control  stations  perform  the  same 
function  as  the  manual  electric  control  stations  but  allow  no  operator  adjustment. 


Steam  Drum  Level  Control 

The  boiler  drum  level  is  controlled  by  a  two-element  feedwater  control  sys¬ 
tem  that  sends  signals  to  the  feedwater  control  valve. 


Steam  Flow  and  Pressure  Control 

High  pressure  and  low  pressure  transmitters  send  signals  to  the  plant  mas¬ 
ter  to  maintain  the  high  pressure  steam  distribution  system  steam  line  pressure 
at  125  to  130  psig. 

The  high  pressure  steam  distribution  system  steam  line  isolation  valve  is 
motor  operated  and  controlled  from  the  shift  supervisor's  office  (on/ off)  as  well 
as  locally. 


Continuous  Blowdown  Control 

Measured  conductivity  of  blowdown  flow  signals  the  automatic  blowdown 
valve  current  to  pressure  transducer  to  adjust  the  air  pressure  on  the  pneumatic 
operator  to  modulate  the  blowdown  valve. 


Blowdown  Separator  Discharge  Temperature  Control 

The  temperature  sensor  on  the  drain  line  signals  the  temperature  control 
valve  (TPV)  on  the  city  water  line.  The  sensor  has  a  sensing  bulb  whose  vapor 
pressure  acts  on  the  diaphragm  of  the  TPV  to  adjust  the  valve. 


Refrigeration  Systems 

The  refrigeration  systems  include  controls  for  the  condenser  water  bar 
screen  and  traveling  screen;  condenser  water  pump,  strainer,  and  water  pit 
pump;  chilled  water;  and  chiller. 
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Condenser  Water  Bar  Screen  and  Traveling  Screen  Controls 

The  condenser  water  bar  screen  rake  can  be  operated  either  automatically  or 
manually  by  the  controls  in  the  lagoon  house  located  above  the  screen.  The  con¬ 
trol  panel  is  provided  with  on  and  off  pushbuttons,  a  hand/off/auto  switch,  and 
hoist  and  lower  pushbuttons.  There  is  an  audible  alarm  in  the  lagoon  house  and 
an  indicating  light  on  the  bar  screen  control  panel  to  alert  an  overtravel  condition 
if  the  cable  goes  slack  while  lowering  the  rake. 

Controls  for  the  traveling  screen  are  located  on  the  control  panel  beside  the 
traveling  screen.  Controls  include  a  run/stop  switch,  a  manual/off/auto  switch, 
and  a  start  pushbutton.  The  traveling  screen  controls  also  include  a  differential 
pressure  switch  system  to  operate  the  screen  wash  pumps  when  the  screens  are 
clogged. 


Condenser  Water  Pump,  Strainer,  and  Water  Pit  Pump  Controls 

Condenser  water  pump  motors  normally  are  controlled  manually  from  the 
main  chiller  control  panel.  They  can  also  be  turned  on  and  off  from  the  2,300-V 
switchgear  room  and  at  the  pump  motor  itself. 

The  condenser  water  strainers  are  operated  locally  by  an  on/ off  switch  on 
the  strainer.  Once  the  strainer  is  turned  on,  operation  of  the  bacl^ash  collector 
is  automatic,  based  on  the  differential  pressure  across  the  filter. 

The  condenser  water  pit  pump  is  manually  controlled  by  local  start  and  stop 
buttons.  Normally,  this  pump  is  operated  approximately  once  a  year  when  the 
condenser  water  pit  is  drained  and  cleaned. 


Chilled  Water  Control 

Chilled  water  pump  motors  are  controlled  from  the  chiller  control  panel  and 
manually  from  the  main  switch  gear  room  and  with  a  stop  lockout  pushbutton 
directly  on  the  pump  motor. 

The  chilled  water  system  pressure  is  controlled  first  by  the  chilled  water 
pumps  and  then  is  fine-tuned  manually  by  controlling  the  compressed  air  supply 
to  the  balance  tanks  in  the  Pentagon. 

The  chilled  water  makeup  system  is  controlled  manually  by  the  operator. 
By  opening  or  closing  the  chilled  water  makeup  flow  control  valve,  the  operator 
controls  the  amoimt  of  makeup  water  that  is  pumped  into  the  system.  Two 
makeup  pumps  are  turned  on  and  off  by  level  switches  in  the  makeup  tank.  The 
level  switch  also  alternates  the  lead/ lag  control  of  the  pumps  so  that  alternate 
pumps  start  each  time. 
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The  chilled  water  air  operated  valves  are  isolation  valves  that  control  the 
flow  path  of  the  chilled  water  system.  These  valves  are  controlled  by  remote 
switches  on  the  chiller  control  panel  on  the  main  floor. 


Chiller  ControP 

Chiller  compressor  motors  are  controlled  by  start  and  stop  pushbuttons  lo¬ 
cated  on  each  chiller  control  panel.  The  motor  is  interlocked  with  the  chiller  con¬ 
trols  so  that  the  following  permissives  are  met  before  the  system  started: 

♦  Chilled  water  flow 

♦  Chilled  water  temperature 

♦  Compressor  oil  pressure  diflerential  pressure 

♦  Compressor  oil  temperature 

♦  Compressor  pressure 

♦  Compressor  discharge  temperature 

♦  Gear/ motor  oil  pressure  and  temperature 

♦  Motor  temperature 

♦  Motor  winding  and  bearing  temperatures 

♦  Time  since  last  start. 

The  chiUer  compressor  flow  rate  is  controlled  by  an  automatic  pneumatic 
system  depicted  in  Figure  A2-2.  The  operator  can  control  the  system  from  a 
manual/  auto  station  that  controls  the  air  signal  to  the  hot  gas  bypass  valve  op¬ 
erator  positioner.  Electrical  controls  are  used  for  the  interlock  devices  Usted 
above. 

The  compressor  and  gear/motor  oil  system  are  controlled  directly  by  the 
compressor  control  system.  Both  of  the  auxiliary  oil  pumps  may  be  manually 
operated  when  the  switch  on  the  chiller  control  panel  is  in  the  manual  position. 

The  refrigerant  pump-out  system  is  used  to  transfer  refrigerant.  The  pump¬ 
out  compressor  is  controlled  from  local  start  and  reset  pushbuttons.  The  com¬ 
pressor  is  equipped  with  high  and  low  pressure  cutouts  and  with  a  low  oil  pres¬ 
sure  cutout. 


^This  description  of  the  chiller  system  controls  is  based  on  the  outdated  system  de¬ 
scription  and  does  not  reflect  the  capabilities  of  the  added  digital  control  systems. 
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The  air  purge  unit  is  manually  controlled.  The  ptirge  unit  is  put  into  opera¬ 
tion  when  the  indicators  show  an  excessive  amoimt  of  noncondensible  gases  in 
the  condenser. 

The  discharge  pressure  control  system  varies  the  flow  of  water  through  the 
condenser  to  maintain  the  compressor  discharge  pressure  at  the  setpoint.  The 
discharge  pressure  control  system  is  located  at  the  control  panel  outside  each 
chiller  room.  The  controller  may  operate  either  in  manual  or  automatic. 

Additional  local  control  switches  are  provided  for  the  refrigerant  gas  leak 
detection  system,  thermocycle  system,  and  cubicle  exhaust  fan  control. 


Electrical  Systems 


The  electrical  systems  include  controls  for  the  high  voltage  switchgear,  mo¬ 
tor  control  centers,  switchboard,  and  direct  current  (DC)  system. 


13.2-kV  Switchgear  Control 

The  control  switches  and  indicators  for  the  13.2-kV  switchgear  are  located  in 
Switchhouses  No.  1  and  No.  2.  Alarms  are  provided  in  the  plant's  switchgear 
room. 


2,300-V  Switchgear  Control 

Control  switches,  indicating  lights,  and  alarms  are  mounted  locally  on  the 
switchgear  enclosures. 


2,300-V  Motor  Control  Centers  (Chiller  Motors)  Control 

Control  switches  and  indicating  lights  are  moimted  on  the  motor  control 
centers.  An  alarm,  located  in  the  plant's  refrigeration  room,  indicates  when  a 
2,300-V  motor  control  center  main  contactor  has  tripped. 


208/120-V  Switchboard  Control 

Operation  of  the  208/120-V  switchboards  is  controlled  local,  with  manual 
breakers.  The  refrigeration  switchboard  is  designed  to  allow  the  operator  to  se¬ 
lect  either  one  of  the  two  incoming  feeders  manually  to  feed  the  switchboard 
load.  Key  interlocks  permit  only  one  circuit  breaker  to  be  closed  at  a  time. 
Alarms  are  provided  on  the  switchboard  in  the  refrigeration  plant. 
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DC  System  Control 


Auxiliary  Systems 

The  auxiliary  systems  include  controls  for  the  air  compressors;  air  dryers; 
crane  and  elevator;  heating,  ventilation,  and  air  conditioning  system;  vacuum 
systems;  and  fire  protection  system. 


Air  Compressor  Control 

The  single-stage  compressor  is  turned  off  and  on  by  local  start  and  stop 
pushbuttons.  A  pressure  switch  on  the  attached  compressor  air  receiver  starts 
and  stops  the  compressor  as  needed  to  keep  the  pressure  between  80  and 
100  psig. 

The  two-stage  compressors  are  controlled  by  a  discharge  pressure  switch 
and  a  start-up  timer  to  keep  the  pressure  between  90  and  110  psig. 
Compressors  3  and  4  are  also  equipped  witit  a  toggle  switch  and  a 
hand/ off/ auto  station.  The  toggle  switA  determines  which  compressor  will 
start  in  response  to  a  low  pressure  signal.  The  hand/off/auto  switch  allows 
manual  operation. 


Air  Dryers  Control 

The  desiccant  air  dryers  are  controlled  locally  by  on/off  switches  and  timers. 
The  refrigerated  dryer  is  turned  on  and  off  by  a  local  switch. 


Crane  and  Elevator  Control 

The  overhead  crane  is  controlled  from  the  pushbutton  control  box,  which 
hangs  from  the  crane  trolley.  The  elevator  has  a  standard  selective  control  sys¬ 
tem. 


Heating,  Ventilation,  and  Air  Conditioning  System 
and  Vacuum  System  Controls 

Budding  room  thermostats  control  the  fan  motor  and  inlet  dampers  for  heat¬ 
ing  and  cooling.  The  heating  and  cooling  units  are  turned  on  or  off  by  local 
start/ stop  and  fast/ slow/ stop  pushbuttons.  The  vacuum  producer  motor  is  con¬ 
trolled  by  a  set  of  local  start  and  stop  pushbuttons. 
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Fire  Protection  System  Control 

When  in  the  automatic  control  mode,  the  foam  fire  protection  system  is  ac¬ 
tuated  by  two  heat-sensitive  devices  located  at  the  fuel  oil  unloading  tank.  The 
system  also  can  be  tested  and  activated  manually  from  a  control  panel  located 
near  the  foam  concentration  tank  and  pump. 

The  standpipe  and  water  sprinkler  system  is  automatically  controlled  with 
fusible  links  that  burst  at  high  temperature. 
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Appendix  B 


Heating  and  Refrigeration  Plant 

Systems  Description 


New  Heating  and  Refrigeration  Plant 
Systems  Description 


General  Arrangement 

The  Pentagon  New  Heating  and  Refrigeration  Plant  (NHRP)  has  three  basic 
sections:  the  boiler  plant,  the  refrigeration  plant,  and  the  exterior,  which  in¬ 
cludes  the  sewage  handling  systems.  Figures  Bl-1  through  Bl-7  show  the  gen¬ 
eral  arrangement  of  the  plant.  For  construction  planning  purposes,  the  NHRP  is 
divided  into  seven  sections  as  shown  on  the  key  plan  on  tiie  figures.  The  refrig¬ 
eration  plant  occupies  Sections  1-4,  and  the  heating  plant  occupies  Sections 
5-7.  The  electrical  switchgear /load  centers  are  located  in  Sections  3  and  4  be¬ 
tween  the  refrigeration  and  heating  plant.  Administration  offices  are  located  in 
Section  7.  The  control  room  is  located  above  one  of  the  electrical  load  centers, 
overlooking  both  the  chiller  room  and  boiler  room. 

The  NHRP's  major  systems  are  listed  below: 

♦  Steam  generation  systems 

►  Boiler 

►  Soot  blowing 

♦  Feedwater  and  water  treatment  systems 

►  Boiler  feedwater 

►  Water  treatment  and  condensate  polishing 

►  Chemistry  control  (including  boiler  blowdown) 

♦  Fuel  storage  and  supply  systems 

♦  Steam  distribution  and  condensate  return  systems 

►  High  pressure  steam 

►  Low  pressure  steam 

►  Condensate  return 

♦  Refrigeration  systems 

►  Condenser  water 
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►  Chiller 


►  Chilled  water  distribution 

♦  Auxiliary  systems 

►  Compressed  air 

►  City  water 

►  Plant  services 

►  Fire  protection 

♦  Sewage  system 

♦  Electrical  systems 

►  High  voltage 

►  Low  voltage 

The  principal  features  of  the  NHRP  systems  are  discussed  below. 


Steam  Generation  Systems 

The  steam  generation  systems,  which  provide  steam  to  the  steam  distribu¬ 
tion  system,  include  the  boiler  and  the  soot  blowing  systems. 


Boiler  System 


The  steam  generation  system  includes  six  boilers  and  their  associated  soot 
blowing  and  blowdown  systems.  Each  boiler  has  a  design  capacity  of 
40,000  pounds  per  hour  of  saturated  steam  at  125  psig  (353°F)  and  may  be  fired 
with  natural  gas.  No.  2  fuel  oil,  or  No.  6  fuel  oil.  The  primary  fuel  is  expected  to 
be  natural  gas.  The  boilers  are  forced  draft  units,  and  each  boiler  is  equipped 
■with  its  own  forced  draft  fan. 

Each  boiler  consists  of  a  steam  drum,  which  allows  for  the  distribution  and 
separation  of  incoming  feedwater  and  outgoing  steam,  and  a  lower  water  drum 
drat  supplies  water  to  the  waterwall  and  steam  generating  tubes.  The  steam 
drum  is  equipped  with  outlet  connections  that  allow  for  venting,  overpressure 
protection  (safety  valves),  steam  discharge,  and  blowdown.  The  water  drrun  is 
equipped  with  drain  and  blowdown  lines.  Each  boiler  is  also  provided  with  an 
economizer,  which  preheats  the  feedwater  prior  to  injection  into  the  steam  drum. 
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The  lower  water  drum  on  each  boiler  is  provided  with  an 
insertable/ removable  steam  immersion  heater.  This  heater  can  be  used  to  keep 
the  boiler  surfaces  warm  when  the  boiler  is  being  maintained  in  a  standby  mode. 
Steam  for  the  immersion  heaters  is  provided  by  tire  high  pressure  steam  distribu¬ 
tion  system  (see  Figure  Bl-8). 


Soot  Blowing  System 

The  soot  blowing  system  for  each  boiler  consists  of  two  steam  soot  blowers: 
one  for  the  boiler  convection  steam  generating  tubes  and  one  for  the  economizer. 
The  soot  blowers  are  designed  to  operate  ^vith  125  psig  saturated  steam.  The 
blowers  are  controlled  through  a  control  panel  to  keep  tire  boiler  fireside  surfaces 
clean.  The  soot  blowers  are  utilized  as  often  as  necessary,  and  according  to 
boiler  operating  conditions,  to  maintain  efficient  steam  generation. 


Feedwater  and  Water  Treatment  Systems 

The  feedwater  and  water  treatment  systems  include  the  boiler  feedwater, 
water  treatment  and  condensate  polishing,  and  chemistry  control  systems. 

Boiler  Feedwater  System 

Water  is  provided  to  the  boilers  by  the  boiler  feedwater  system.  As  shown 
in  Figture  Bl-9,  the  system  consists  of  two  deaerators,  which  heat  and  deaerate 
the  feedwater,  and  six  feedwater  pumps,  which  transfer  the  feedwater  to  the 
boilers.  The  feedwater  pumps  provide  water  to  a  single  header  from  which  all 
six  boilers  are  fed. 

The  smaller  of  the  two  deaerators  is  rated  for  a  feedwater  flow  rate  of 
50,000  poimds  per  hour.  The  other  deaerator  is  rated  for  a  feedwater  flow  rate  of 
240,000  poxmds  per  hour.  Saturated  steam  is  provided  to  the  deaerators  from  the 
low  pressure  steam  system. 

Two  feedwater  pumps  take  suction  from  the  smaller  deaerator.  These 
pumps  have  a  design  operating  point  of  102  gallons  per  minute  (gpm)  with  a  to¬ 
tal  developed  head  of  443  feet.  Two  of  the  four  feedwater  pumps  that  take  suc¬ 
tion  from  the  larger  deaerator  also  have  a  design  operating  point  of  102  gpm 
with  a  total  developed  head  of  443  feet.  The  otiier  two  pumps  have  a  design  op¬ 
erating  point  of  204  gpm  with  a  total  developed  head  of  443  feet. 

Each  feedwater  pmnp  is  provided  with  a  minimum  flow  line  to  prevent 
pump  damage  during  periods  of  low  flow  operation.  This  line  recirculates  water 
from  the  pump  discharge  back  to  the  associated  deaerator.  (Note:  P&ID  does  not 
show  check  valves  in  the  pump  discharge  lines  downstream  of  the  nfiinimxim 
flow  line  connection.  As  a  result,  the  lines  may  not  adequately  protect  the 
pumps.) 
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Water  Treatment  and  Condensate  Polishing  Systems 

The  water  treatment  and  condensate  polishing  systems  treat  raw  city  water 
to  produce  softened  water  for  use  as  makeup  to  the  steam  generation  system.  In 
addition,  the  condensate  polishing  system  treats  low  pressure  condensate  re¬ 
turned  from  the  steam/condensate  distribution  system  (see  Figure  Bl-9). 

The  treated  water  and  condensate  polishing  systems  each  consist  of  two  full- 
capacity,  resin-bed  water  softeners.  The  softeners  remove  scale-producing  com¬ 
pounds  from  the  water.  Piping  and  valves  are  provided  to  allow  one  softener 
resin  bed  to  be  regenerated  while  the  other  softener  is  in  service. 

A  common  brine  system  provides  brine  to  both  the  water  treatment  and  con¬ 
densate  polishing  system  softeners  for  resin  regeneration. 


Chemistry  Control  System  (Including  Boiler  Blowdown) 

The  chemistry  control  system  consists  of  a  sampling  system  to  monitor  feed- 
water,  steam,  and  boiler  water  chemistry;  a  continuous  blowdown  system  to  re¬ 
duce  the  contamination  levels  in  the  boiler  water;  and  three  chemical  stations  to 
supply  chemicals  to  the  steam  generating  system  as  required.  A  single  control 
panel  is  provided  for  control  of  the  three  chemical  stations  (see  Figure  Bl-8). 

The  boiler  blowoff  and  blowdown  system,  illustrated  in  Figure  Bl-11,  con¬ 
tains  blowdown  control  valves  that  regulate  the  flow  of  boiler  water  into  the 
blowdown  system,  a  blowdown  heat  exchanger  to  reduce  the  loss  of  heat  and 
steam  from  ^e  continuous  boiler  blowdown  water,  and  a  blowoff  tank  to  sepa¬ 
rate  and  dispose  of  flash  steam  and  hot  blowdown  water.  This  system  provides 
the  means  by  which  water  containing  dissolved  and  undissolved  solids  are  re¬ 
moved  from  the  boiler  steam  drum  and  water  drum. 

Operation  of  the  boiler  blowdown  system  is  supported  by  several  other  sys¬ 
tems: 

♦  City  water  system,  which  provides  water  to  the  blowoff  tank  drain  to  cool 
water  entering  the  drain  system  from  the  blowoff  tank 

♦  Plant  sewage  system,  which  pumps  blowdown  water  and  condensate  from 
the  blowoff  tank  to  the  city  sanitary  sewer  system 

♦  Automatic  conductivity  control  system. 
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Steam  Distribution  and  Condensate 
Return  Systems 


The  steam  distribution  and  condensate  return  systems  consist  principally  of 
high  and  low  pressure  piping  for  the  distribution  of  steam  and  return  of  conden¬ 
sate. 


High  Pressure  Steam  System 

The  function  of  the  high  pressure  steam  system  is  to  route  the  steam  gener¬ 
ated  in  the  boilers  through  a  steam  distribution  system  to  the  Pentagon,  FOB  2, 
and  Henderson  Hall  where  the  steam  is  used  for  space  heating,  cafeteria  xise,  and 
cleaning.  In  addition,  the  system  also  provides  high  pressure  steam  throughout 
the  NHRP  for  operating  auxiliary  plant  equipment,  such  as  sootblowers  and  the 
pressure  powered  condensate  pump,  and  for  heating  feedwater  and  fuel  oil  (see 
Figure  Bl-8). 

High  pressure  steam  is  supplied  from  each  of  the  boilers  to  an  18-inch  sup¬ 
ply  header.  Connections  off  the  supply  header  consist  of  small  branch  lines  for 
the  soot  blowers  and  heaters,  a  6-inch  line  to  the  low  pressure  steam  system,  and 
two  16-inch  headers  that  supply  steam  to  the  steam  distribution  system  through 
the  tunnels. 

The  steam  distribution  system  supplies  high  pressure  steam  for  heating  the 
Pentagon  and  other  government  buildings.  A  new  ring  header  will  be  installed 
in  the  inner  court  of  the  Pentagon  to  enable  isolation  of  sections  of  the  Pentagon. 
Installation  of  the  new  ring  header  will  be  done  in  phases  as  the  renovation  is 
carried  out.  Thus,  the  existing  outer  header  will  be  the  only  distribution  header 
in  operation  for  an  extended  period  of  time  (probably  10  years). 

The  high  pressure  steam  system  is  equipped  with  a  condensate  drain  system 
that  collects  high  pressure  condensate.  This  drain  system  protects  the  steam  sys¬ 
tem  piping  and  components  from  water  hammer  damage. 


Low  Pressure  Steam  System 

The  function  of  the  low  pressure  steam  system  is  to  supply  steam  to  the 
deaerators  for  feedwater  heating.  The  low  pressure  steam  system  consists  of  a 
set  of  pressure  control  valves  and  associated  piping.  High  pressure  steam  is  sup¬ 
plied  to  the  system  through  a  6-inch  supply  line.  The  steam  pressure  is  reduced 
and  the  low  pressure  steam  is  provided  to  the  deaerators  where  it  is  used  to  heat 
and  remove  noncondensable  gases  from  the  feedwater  (see  Figure  Bl-8). 
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Condensate  Return  System 

As  the  steam  cools  it  condenses.  High  pressure  condensate  from  the  Penta¬ 
gon  steam  supply  piping  and  from  the  plant  high  pressure  steam  piping  drains  is 
returned  directly  to  deaerators. 

Low  pressure  condensate,  including  that  from  the  low  pressure  drains,  the 
buildings,  and  the  HVAC  system  inside  the  plant,  is  directed  to  the  condensate 
receiver.  From  the  condensate  receiver,  it  is  pumped  by  the  condensate  lift 
pumps  to  the  condensate  storage  tank.  Condensate  transfer  pumps  are  used  to 
pvunp  condensate  from  the  condensate  storage  tank  through  ^e  condensate  pol¬ 
ishers  to  the  deaerators  (see  Figure  Bl-8). 

Condensate  from  the  fuel  oil  tank  heaters  is  not  reused.  This  condensate  is 
pumped  to  the  blowoff  tank  by  a  pump  powered  by  steam  from  the  high  pres¬ 
sure  steam  header. 

Two  of  the  condensate  transfer  pumps  are  designed  for  a  total  developed 
head  of  131  feet  at  194  gpm.  The  other  two  pumps  have  a  design  flow  rate  of 
97  gpm  with  a  total  developed  head  of  131  feet. 

The  two  condensate  lift  pumps  are  designed  for  a  total  developed  head  of 
52  feet  at  125  gpm. 


Fuel  Storage  and  Supply  Systems 

The  fuel  storage  and  supply  systems  include  both  the  natural  gas  and  fuel 
oil  handling  and  firing  systems. 

Natural  gas  is  supplied  from  a  gas  main  to  the  natural  gas  header  used  to 
supply  gas  to  the  individual  boilers. 

The  fuel  oil  handling  system  consists  of  an  unloading  station  and  fuel  oil 
transfer  pumps  for  the  delivery  of  fuel  oil  from  delivery  vehicles  to  the  two 
300,000-gallon  fuel  oil  storage  tanks.  To  ensure  that  the  fuel  oil  can  be  trans¬ 
ferred  to  the  boilers  under  severe  weather  conditions,  heat  tracing  is  provided  on 
some  of  the  fuel  oil  lines.  In  addition,  each  storage  tank  is  equipped  with  a  fuel 
oil  suction  heater.  The  heater  receives  steam  from  the  high  pressure  steam  distri¬ 
bution  system.  Condensate  from  the  heaters  is  directed  to  the  blowoff  tank  (Fig¬ 
ures  Bl-8,  Bl-17,  and  Bl-18). 

The  fuel  oil  firing  system  contains  six  fuel  oil  pumps  that  take  suction  on  the 
fuel  oil  storage  tanks.  The  pumps  supply  fuel  to  a  common  header  that  supplies 
fuel  to  all  of  the  boilers.  The  header  pressure  is  controlled  by  a  pressure  control 
valve  that  controls  the  recirculation  rate  of  fuel  oil  from  the  supply  header  back 
to  the  storage  tanks.  To  increase  the  efficiency  of  the  steam  atomizing  burners, 
fuel  oil  heaters  are  provided  just  upstream  of  the  burners.  The  steam  is  supplied 
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to  the  heaters  and  for  fuel  oil  atomization  from  the  high  pressure  steam  distribu¬ 
tion  system  (see  Figures  Bl-8  and  Bl-18). 


Refrigeration  Systems 

The  refrigeration  systems  include  the  condenser  water,  chiller,  and  chilled 
water  distribution  systems. 


Condenser  Water  System 

The  fxmction  of  the  condenser  water  system  is  to  provide  cooling  water  to 
the  refrigeration  plant  chillers  for  removing  heat  contained  in  the  refrigerant  (see 
Figures  Bl-3  and  Bl-14). 

The  condenser  water  source  is  the  Potomac  River  via  the  lagoon  adjoining 
Columbia  Island.  Water  from  the  river  enters  the  east  and  west  condenser  water 
"sumps"  after  passing  through  a  bar  screen  and  sluice  gates  located  at  the  la¬ 
goon.  The  design  inlet  condenser  water  temperature  for  the  chillers  is  82°F.^ 

The  water  passes  through  traveling  screens  as  it  enters  the  sumps.  Five  con¬ 
denser  water  pumps  take  suction  on  each  of  the  two  sumps  (a  total  of  10  pumps). 
The  water  passes  through  an  automatic  backwash  strainer  at  the  discharge  of 
each  pump  and  then  to  one  of  two  54-inch  headers  from  which  it  is  distributed  to 
the  chillers.  The  east  and  west  condenser  water  headers  are  cross-cormected  by  a 
42-inch  line.  After  passing  through  the  chillers,  the  water  is  returned  to  the  river; 
some  of  tire  return  water  may  be  directed  back  to  the  pump  intake  pits  to  control 
inlet  water  temperature. 

Three  screen  wash  pumps  take  suction  on  the  condenser  water  headers. 
These  pumps  supply  water  for  washing  tiie  traveling  screens. 

A  sump  dewatering  pump  is  provided  for  draining  each  of  the  condenser 
water  sumps. 


^Temperatures  in  the  lagoon  have  exceeded  the  design  limit  by  a  few  degrees  on 
some  occasions  (up  to  about  91  °F).  A  study  has  been  initiated  to  evaluate  the  feasibility 
of  adding  a  second  set  of  intake-outfall  lines  directly  to  the  Potomac  River;  these  could 
provide  lower  temperature  water  than  the  existing  lines  and  would  allow  maintenance  to 
be  performed  on  a  routine  schedule.  Currently,  maintenance  is  performed  during  a  short 
period  around  Presidents'  Day. 
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Appendix  B 


Heating  and  Refrigeration  Plant 

Systems  Description 


New  Heating  and  Refrigeration  Plant 
Systems  Description 


General  Arrangement 

The  Pentagon  New  Heating  and  Refrigeration  Plant  (NHRP)  has  three  basic 
sections:  the  boiler  plant,  the  refrigeration  plant,  and  the  exterior,  which  in¬ 
cludes  the  sewage  handling  systems.  Figures  Bl-1  through  Bl-7  show  the  gen¬ 
eral  arrangement  of  the  plant.  For  construction  planning  purposes,  the  NHRP  is 
divided  into  seven  sections  as  shown  on  the  key  plan  on  die  figures.  The  refrig¬ 
eration  plant  occupies  Sections  1-4,  and  the  heating  plant  occupies  Sections 
5-7.  The  electrical  switchgear/load  centers  are  located  in  Sections  3  and  4  be¬ 
tween  the  refrigeration  and  heating  plant.  Administration  offices  are  located  in 
Section  7.  The  control  room  is  located  above  one  of  the  electrical  load  centers, 
overlooking  both  the  chiller  room  and  boiler  room. 

The  NHRP's  major  systems  are  listed  below: 

♦  Steam  generation  systems 

►  Boiler 

►  Soot  blowing 

♦  Feedwater  and  water  treatment  systems 

►  Boiler  feedwater 

►  Water  treatment  and  condensate  polishing 

►  Chemistry  control  (including  boiler  blowdown) 

♦  Fuel  storage  and  supply  systems 

♦  Steam  distribution  and  condensate  return  systems 

►  High  pressure  steam 

►  Low  pressure  steam 

►  Condensate  return 

♦  Refrigeration  systems 

►  Condenser  water 
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►  Chiller 


►  Chilled  water  distribution 

♦  Auxiliary  systems 

►  Compressed  air 

►  City  water 

►  Plant  services 

►  Fire  protection 

♦  Sewage  system 

♦  Electrical  systems 

►  High  voltage 

►  Low  voltage 

The  principal  features  of  the  NHRP  systems  are  discussed  below. 


Steam  Generation  Systems 

The  steam  generation  systems,  which  provide  steam  to  the  steam  distribu¬ 
tion  system,  include  the  boiler  and  the  soot  blowing  systems. 


Boiler  System 


The  steam  generation  system  includes  six  boilers  and  their  associated  soot 
blowing  and  blowdown  systems.  Each  boiler  has  a  design  capacity  of 
40,000  pounds  per  horn  of  saturated  steam  at  125  psig  (353°F)  and  may  be  fired 
with  natural  gas.  No.  2  fuel  oil,  or  No.  6  fuel  oil.  llie  primary  fuel  is  expected  to 
be  natural  gas.  The  boilers  are  forced  draft  units,  and  each  boiler  is  equipped 
with  its  own  forced  draft  fan. 

Each  boiler  consists  of  a  steam  drum,  which  allows  for  the  distribution  and 
separation  of  incoming  feedwater  and  outgoing  steam,  and  a  lower  water  drum 
that  supplies  water  to  the  waterwall  and  steam  generating  tubes.  The  steam 
drum  is  equipped  with  outlet  connections  that  allow  for  venting,  overpressure 
protection  (safety  valves),  steam  discharge,  and  blowdown.  The  water  drum  is 
equipped  with  drain  and  blowdown  lines.  Each  boiler  is  also  provided  with  an 
economizer,  which  preheats  the  feedwater  prior  to  injection  into  the  steam  drum. 
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The  lower  water  drvun  on  each  boiler  is  provided  with  an 
insertable/ removable  steam  immersion  heater.  This  heater  can  be  irsed  to  keep 
the  boiler  surfaces  warm  when  the  boiler  is  being  maintained  in  a  standby  mode. 
Steam  for  the  immersion  heaters  is  provided  by  the  high  pressure  steam  distribu¬ 
tion  system  (see  Figure  Bl-8). 


Soot  Blowing  System 

The  soot  blowing  system  for  each  boiler  consists  of  two  steam  soot  blowers: 
one  for  the  boiler  convection  steam  generating  tubes  and  one  for  the  economizer. 
The  soot  blowers  are  designed  to  operate  with  125  psig  saturated  steam.  The 
blowers  are  controlled  through  a  control  panel  to  keep  the  boiler  fireside  surfaces 
clean.  The  soot  blowers  are  utilized  as  often  as  necessary,  and  according  to 
boiler  operating  conditions,  to  maintain  efficient  steam  generation. 


Feedwater  and  Water  Treatment  Systems 

The  feedwater  and  water  treatment  systems  include  the  boiler  feedwater, 
water  treatment  and  condensate  polishing,  and  chemistry  control  systems. 

Boiler  Feedwater  System 

Water  is  provided  to  the  boilers  by  the  boiler  feedwater  system.  As  shown 
in  Figure  Bl-9,  the  system  consists  of  two  deaerators,  which  heat  and  deaerate 
the  feedwater,  and  six  feedwater  pumps,  which  transfer  the  feedwater  to  the 
boilers.  The  feedwater  pumps  provide  water  to  a  single  header  from  which  all 
six  boilers  are  fed. 

The  smaller  of  the  two  deaerators  is  rated  for  a  feedwater  flow  rate  of 
50,000  pounds  per  hour.  The  other  deaerator  is  rated  for  a  feedwater  flow  rate  of 
240,000  poimds  per  hour.  Satxirated  steam  is  provided  to  the  deaerators  from  the 
low  pressure  steam  system. 

Two  feedwater  pumps  take  suction  from  the  smaller  deaerator.  These 
pumps  have  a  design  operating  point  of  102  gallons  per  minute  (gpm)  with  a  to¬ 
tal  developed  head  of  443  feet.  Two  of  the  four  feedwater  pumps  that  take  suc¬ 
tion  from  the  larger  deaerator  also  have  a  design  operating  point  of  102  gpm 
with  a  total  developed  head  of  443  feet.  The  other  two  pumps  have  a  design  op¬ 
erating  point  of  204  gpm  with  a  total  developed  head  of  443  feet. 

Each  feedwater  pump  is  provided  with  a  minimum  flow  line  to  prevent 
pump  damage  during  periods  of  low  flow  operation.  This  line  recirculates  water 
from  the  pump  discharge  back  to  the  associated  deaerator.  (Note:  P&ID  does  not 
show  check  valves  in  the  pump  discharge  lines  downstream  of  the  minimum 
flow  line  connection.  As  a  result,  the  lines  may  not  adequately  protect  the 
pumps.) 
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Water  Treatment  and  Condensate  Polishing  Systems 

The  water  treatment  and  condensate  polishing  systems  treat  raw  city  water 
to  produce  softened  water  for  use  as  makeup  to  the  steam  generation  system.  In 
addition,  the  condensate  polishing  system  treats  low  pressure  condensate  re¬ 
turned  from  the  steam/ condensate  distribution  system  (see  Figure  Bl-9). 

The  treated  water  and  condensate  polishing  systems  each  consist  of  two  full- 
capacity,  resin-bed  water  softeners.  The  softeners  remove  scale-producing  com¬ 
pounds  from  the  water.  Piping  and  valves  are  provided  to  allow  one  softener 
resin  bed  to  be  regenerated  while  the  other  softener  is  in  service. 

A  common  brine  system  provides  brine  to  both  the  water  treatment  and  con¬ 
densate  polishing  system  softeners  for  resin  regeneration. 


Chemistry  Control  System  (Including  Boiler  Blowdown) 

The  chemistry  control  system  consists  of  a  sampling  system  to  monitor  feed- 
water,  steam,  and  boiler  water  chemistry;  a  continuous  blowdown  system  to  re¬ 
duce  the  contamination  levels  in  the  boiler  water;  and  three  chemical  stations  to 
supply  chemicals  to  the  steam  generating  system  as  required.  A  single  control 
panel  is  provided  for  control  of  the  three  chemical  stations  (see  Figure  Bl-8). 

The  boiler  blowoff  and  blowdown  system,  illustrated  in  Figure  Bl-11,  con¬ 
tains  blowdown  control  valves  tiiat  regiilate  the  flow  of  boiler  water  into  the 
blowdown  system,  a  blowdown  heat  exchanger  to  reduce  the  loss  of  heat  and 
steam  from  the  continuous  boiler  blowdown  water,  and  a  blowoff  tank  to  sepa¬ 
rate  and  dispose  of  flash  steam  and  hot  blowdown  water.  This  system  provides 
the  means  by  which  water  containing  dissolved  and  undissolved  solids  are  re¬ 
moved  from  the  boiler  steam  drum  and  water  drum. 

Operation  of  the  boiler  blowdown  system  is  supported  by  several  other  sys¬ 
tems: 

♦  City  water  system,  which  provides  water  to  the  blowoff  tank  drain  to  cool 
water  entering  the  drain  system  from  the  blowoff  tank 

♦  Plant  sewage  system,  which  pumps  blowdown  water  and  condensate  from 
the  blowoff  tank  to  the  city  sanitary  sewer  system 

♦  Automatic  conductivity  control  system. 


Steam  Distribution  and  Condensate 
Return  Systems 


The  steam  distribution  and  condensate  return  systems  consist  principally  of 
high  and  low  pressure  piping  for  the  distribution  of  steam  and  reham  of  conden¬ 
sate. 


High  Pressure  Steam  System 

The  function  of  the  high  pressure  steam  system  is  to  route  the  steam  gener¬ 
ated  in  the  boilers  through  a  steam  distribution  system  to  the  Pentagon,  FOB  2, 
and  Henderson  Hall  where  the  steam  is  used  for  space  heating,  cafeteria  rose,  and 
cleaning.  In  addition,  the  system  also  provides  high  pressure  steam  throughout 
the  NHRP  for  operating  auxiliary  plant  equipment,  such  as  sootblowers  and  the 
pressure  powered  condensate  piamp,  and  for  heating  feedwater  and  fuel  oil  (see 
Figure  Bl-8). 

High  pressure  steam  is  supplied  from  each  of  the  boilers  to  an  18-inch  sup¬ 
ply  header.  Connections  off  the  supply  header  consist  of  small  branch  lines  for 
the  soot  blowers  and  heaters,  a  6-inch  line  to  the  low  pressure  steam  system,  and 
two  16-inch  headers  that  supply  steam  to  the  steam  distribution  system  through 
the  tunnels. 

The  steam  distribution  system  supplies  high  pressure  steam  for  heating  the 
Pentagon  and  other  government  buildings.  A  new  ring  header  will  be  installed 
in  the  inner  court  of  the  Pentagon  to  enable  isolation  of  sections  of  the  Pentagon. 
Irastallation  of  tt\e  new  ring  header  will  be  done  in  phases  as  the  renovation  is 
carried  out.  Thus,  the  existing  outer  header  wiU  be  die  only  distribution  header 
in  operation  for  an  extended  period  of  time  (probably  10  years). 

The  high  pressure  steam  system  is  equipped  with  a  condensate  drain  system 
that  collects  high  pressiore  condensate.  This  drain  system  protects  the  steam  sys¬ 
tem  piping  and  components  from  water  hammer  damage. 


Low  Pressure  Steam  System 

The  function  of  the  low  pressoore  steam  system  is  to  supply  steam  to  the 
deaerators  for  feedwater  heating.  The  low  pressure  steam  system  consists  of  a 
set  of  pressure  control  valves  and  associated  piping.  High  pressure  steam  is  sup¬ 
plied  to  the  system  through  a  6-inch  supply  line.  The  steam  pressxore  is  reduced 
and  the  low  pressure  steam  is  provided  to  the  deaerators  where  it  is  used  to  heat 
and  remove  noncondensable  gases  from  the  feedwater  (see  Figure  Bl-8). 
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Condensate  Return  System 

As  the  steam  cools  it  condenses.  High  pressure  condensate  from  the  Penta¬ 
gon  steam  supply  piping  and  from  the  plant  high  pressure  steam  piping  drains  is 
returned  directly  to  deaerators. 

Low  pressure  condensate,  including  that  from  the  low  pressure  drains,  the 
buildings,  and  the  HVAC  system  inside  the  plant,  is  directed  to  the  condensate 
receiver.  From  the  condensate  receiver,  it  is  pumped  by  the  condensate  lift 
pumps  to  the  condensate  storage  tank.  Condensate  transfer  pumps  are  used  to 
pump  condensate  from  the  condensate  storage  tank  through  the  condensate  pol¬ 
ishers  to  the  deaerators  (see  Figure  Bl-8). 

Condensate  from  the  fuel  oil  tank  heaters  is  not  reused.  This  condensate  is 
pumped  to  the  blowoff  tank  by  a  pump  powered  by  steam  from  the  high  pres¬ 
sure  steam  header. 

Two  of  the  condensate  transfer  pumps  are  designed  for  a  total  developed 
head  of  131  feet  at  194  gpm.  The  other  two  pumps  have  a  design  flow  rate  of 
97  gpm  with  a  total  developed  head  of  131  feet. 

The  two  condensate  lift  pumps  are  designed  for  a  total  developed  head  of 
52  feet  at  125  gpm. 


Fuel  Storage  and  Supply  Systems 

The  fuel  storage  and  supply  systems  include  both  the  natural  gas  and  fuel 
oil  handling  and  firing  systems. 

Natural  gas  is  supplied  from  a  gas  main  to  the  natural  gas  header  used  to 
supply  gas  to  the  individual  boilers. 

The  fuel  oil  handling  system  consists  of  an  unloading  station  and  fuel  oil 
transfer  pumps  for  the  delivery  of  fuel  oil  from  delivery  vehicles  to  the  two 
300,000-gallon  fuel  oil  storage  tanks.  To  ensure  that  the  fuel  oil  can  be  trans¬ 
ferred  to  the  boilers  under  severe  weather  conditions,  heat  tracing  is  provided  on 
some  of  the  fuel  oil  lines.  In  addition,  each  storage  tank  is  equipped  with  a  fuel 
oil  suction  heater.  The  heater  receives  steam  from  the  high  pressure  steam  distri¬ 
bution  system.  Condensate  from  the  heaters  is  directed  to  the  blowoff  tank  (Fig¬ 
ures  Bl-8,  Bl-17,  and  Bl-18). 

The  fuel  oil  firing  system  contains  six  fuel  oil  pumps  that  take  suction  on  the 
fuel  oil  storage  tanks.  The  pumps  supply  fuel  to  a  common  header  that  supplies 
fuel  to  aU  of  the  boilers.  The  header  pressure  is  controlled  by  a  pressure  control 
valve  that  controls  the  recirculation  rate  of  fuel  oil  from  the  supply  header  back 
to  the  storage  tanks.  To  increase  the  efficiency  of  the  steam  atomizing  burners, 
fuel  oil  heaters  are  provided  just  upstream  of  the  burners.  The  steam  is  supplied 
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to  the  heaters  and  for  fuel  oil  atomization  from  the  high  pressure  steam  distribu¬ 
tion  system  (see  Figures  Bl-8  and  Bl-18). 


Refrigeration  Systems 

The  refrigeration  systems  include  the  condenser  water,  chiller,  and  chilled 
water  distribution  systems. 


Condenser  Water  System 

The  function  of  the  condenser  water  system  is  to  provide  cooling  water  to 
the  refrigeration  plant  chillers  for  removing  heat  contained  in  the  refrigerant  (see 
Figures  Bl-3  and  Bl-14). 

The  condenser  water  source  is  the  Potomac  River  via  the  lagoon  adjoining 
Columbia  Island.  Water  from  the  river  enters  the  east  and  west  condenser  water 
"sumps"  after  passing  through  a  bar  screen  and  sluice  gates  located  at  the  la¬ 
goon.  The  design  inlet  condenser  water  temperature  for  the  chillers  is  82°F.' 

The  water  passes  through  traveling  screens  as  it  enters  the  sumps.  Five  con¬ 
denser  water  pumps  take  suction  on  each  of  the  two  sumps  (a  total  of  10  pumps). 
The  water  passes  through  an  automatic  backwash  strainer  at  the  discharge  of 
each  pump  and  then  to  one  of  two  54-inch  headers  from  which  it  is  distributed  to 
the  chillers.  The  east  and  west  condenser  water  headers  are  cross-connected  by  a 
42-inch  line.  After  passing  through  the  chillers,  the  water  is  returned  to  the  river; 
some  of  the  return  water  may  be  directed  back  to  the  pump  intake  pits  to  control 
inlet  water  temperature. 

Three  screen  wash  pumps  take  suction  on  the  condenser  water  headers. 
These  pumps  supply  water  for  washing  the  traveling  screens. 

A  sump  dewatering  pump  is  provided  for  draining  each  of  the  conderiser 
water  sumps. 


^Temperatures  in  the  lagoon  have  exceeded  the  design  limit  by  a  few  degrees  on 
some  occasions  (up  to  about  91  °F).  A  study  has  been  initiated  to  evaluate  the  feasibility 
of  adding  a  second  set  of  intake-outfall  lines  directly  to  the  Potomac  River;  these  could 
provide  lower  temperature  water  than  the  existing  lines  and  would  allow  maintenance  to 
be  performed  on  a  routine  schedule.  Currently,  maintenance  is  performed  during  a  short 
period  around  Presidents'  Day. 
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Chiller  System 


The  fimction  of  the  chiller  system  is  to  remove  the  heat  absorbed  by  the 
chilled  water  in  the  buildings  in  the  system  and  transfer  that  heat  to  the  con¬ 
denser  water  (see  Figures  Bl-10,  Bl-13,  and  Bl-15). 

The  chiller  system  consists  of  10  chillers.  Each  chiller  has  a  capacity  of 
3,750  tons  and  contains  a  refrigerant  compressor,  condenser,  and  evaporator  that 
permit  the  refrigerant  to  cool  the  water  passing  through  the  chiller. 

The  chiller  system  also  includes  several  supporting  subsystems: 

♦  Refrigerant  vent  and  pump-out  system,  including  storage  tanks,  which  al¬ 
lows  for  the  removal  and  addition  of  refrigerant  to  the  chillers  (see  Figure 
Bl-15) 

♦  Refrigerant  gas  leak  detection  system  that  sounds  an  alarm  if  refrigerant 
leaks  at  the  pump-out  receivers 

♦  Compressor  oil  system  that  lubricates  and  cools  the  compressor's  journal 
and  tinrust  bearings  and  seals  the  freon  from  the  ambient 

♦  An  air  purge  system  that  removes  noncondensable  gases  from  the  chiUers. 

Chilled  Water  Distribution  System 

The  function  of  the  chilled  water  distribution  system  is  to  route  chilled  wa¬ 
ter  to  heat  exchangers  to  condition  and  cool  the  air  in  the  various  buildings  on 
the  system.  As  shown  in  Figure  Bl-10,  the  chilled  water  distribution  system  is  a 
closed-loop  system. 

The  system  contains  10  chiller  loop  pumps.  Each  pump  takes  suction  on  one 
of  the  two  chilled  water  return  manifolds  and  supplies  water  to  the  associated 
chiller.  From  the  chiller,  the  cooled  water  is  directed  to  a  common  42-inch 
chilled  water  header.  Four  chilled  water  distribution  pumps  take  suction  on  the 
42-inch  chilled  water  header.  These  pumps  supply  water  to  the  42-inch  distribu¬ 
tion  header,  which  supplies  chilled  water  to  two  36-inch  chilled  water  supply 
lines. 

Cross-cormects  are  provided  between  the  two  condensate  return  lines  and 
between  the  two  condensate  supply  lines.  In  addition,  isolation  valves  at  the  in¬ 
let  and  discharge  of  each  pump  enable  the  operators  to  isolate  each  pump  as 
needed.  This  configuration  allows  for  additional  flexibility  in  the  operation  and 
maintenance  of  the  system. 

The  chilled  water  system  also  includes  a  makeup  system  that  supplies  city 
water  to  the  system  when  necessary  to  maintain  normal  operating  conditions. 
Expansion  tanks  provided  on  each  of  the  chilled  water  return  manifolds 
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accommodate  the  thermal  expansion  of  the  water  while  maintaining  an  over 
pressure  on  the  system.  A  chemical  feed  system  provides  for  the  injection  of 
chemicals  for  corrosion  control,  and  a  centrifugal  separator  provides  for  the  re¬ 
moval  of  solids  from  the  system. 


Auxiliary  Systems 

Auxiliary  plant  systems  include  compressed  and  instrument  air;  city  water; 
plant  services  such  as  communications  and  heating,  ventilation,  and  air  condi¬ 
tioning;  and  fire  protection  systems. 


Compressed  Air  System 

The  compressed  air  system  contains  two  subsystems;  the  service  air  system, 
which  supplies  compressed  air  throughout  the  plant  for  operating  pneumatic 
tools  and  components,  and  the  instrument  air  system,  which  supplies  com¬ 
pressed  air  for  system  control  applications  (see  Figure  Bl-16). 

The  service  air  system  consists  of  three  120  scfm  air  compressors,  two 
200  gallon  air  receivers,  two  air  dryers,  and  distribution  piping  and  valves.  The 
instrument  air  system  consists  of  two  50  scfm  air  compressors,  two  120  gallon  air 
receivers,  an  air  dryer,  a  desiccant  air  dryer,  and  distribution  piping  and  valves. 

The  compressed  air  system  also  includes  a  water  cooling  system  that 

♦  routes  water  through  the  aftercoolers  to  cool  the  discharge  air  prior  to  distri¬ 
bution  to  the  compressed  air  system,  and 

♦  routes  water  through  the  compressor  water  jackets  to  remove  the  heat  gen¬ 
erated  during  the  air  compression  process. 


City  Water  System 

The  function  of  the  city  water  system  is  to  provide  water  to  the  various  plant 
operating  systems.  Three  inlet  lines,  two  from  the  District  of  Columbia  and  one 
from  Arlington  County,  feed  the  supply  header.  The  header,  in  turn,  supplies 
water  to  the  condensate  system  (makeup  water),  locker  rooms,  rest  room  wash, 
drinking  foxmtains,  hot  water  tanks,  and  plant  wash  outlets.  The  city  water  sys¬ 
tem  also  can  supply  water,  in  an  emergency,  to  the  chilled  water  expansion 
tanks,  fire  systems,  condensate  polishers,  and  water  softening  station  for  prefill¬ 
ing  the  entire  treated  water  system  for  a  plant  cold  start.  This  system  is  located 
in  the  basement  of  the  chiller  plant. 
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Plant  Services  Systems 

The  function  of  the  plant  service  systems  is  to  provide  support  services  re¬ 
quired  for  daily  plant  operations.  The  plant  services  include  a  vacuum  system 
for  housekeeping  services,  a  service  elevator  for  transportation,  a 
telephone/intercom  system  for  plant  communications,  a  ventilation  and  air  con¬ 
ditioning  system  for  climate  control,  and  an  overhead  crane  in  the  refrigeration 
plant  for  moving  large  refrigeration  equipment. 


Fire  Protection  System 

The  fire  protection  system  includes  a  foam  fire  system  at  the  fuel  oil  unload¬ 
ing  tank  and  a  standpipe  and  water  sprinkler  system  throughout  the  interior  of 
the  plant. 


Sewage  System 

The  function  of  the  plant  sewage  system  is  to  route  wastewater  from  the 
plant,  the  Pentagon  (services  and  sanitary  services),  Arlington  Cemetery  Visitors 
Center,  and  the  incinerator  to  the  Arlington  city  sewers. 

The  plant  sewage  system  consists  of  three  separate  and  distinct  subsystems: 
storm  water,  sanitary  water,  and  plant  process  waste  sewers  and  incinerator 
quench  water  systems  (see  Figure  Bl-??).  The  wastewater  system  is  equipped 
with  intercepting  traps  that  prevent  debris  and  sewage  from  backing  up  into  the 
lines.  The  sanitary  waste  and  plant  process  waste  systems  are  also  equipped 
with  traps  that  prevent  sewer  gases  from  backing  into  the  lines.  Also,  the  plant's 
sewage  system  handles  wastewater  and  ash  pit  water  from  the  incinerator  build¬ 
ing,  located  west  of  the  plant. 

The  grovmd  water  system  is  directly  connected  to  the  city  storm  sewers  that 
empty  into  the  Potomac  River.  Sanitary  sewage  and  processed  wastewater  from 
ttie  plant  and  incinerator  enter  the  sewage  pumping  station  and  then  is  pumped 
into  the  Arlington  sanitary  sewage  system  to  be  treated  at  its  sewage  treatment 
plant. 


Electrical  Systems 

The  electrical  systems  consist  of  high  and  low  voltage  alternating  current 
(AC)  systems  and  a  low  voltage  direct  current  (DC)  system. 


High  Voltage  System 


The  NHRP  high  voltage  system  includes  the  13.8-  and  4.16-kV  AC  distribu¬ 
tion  systems.  Power  is  supplied  to  these  systems  from  three  13.8-kV  Virginia 
Power  feeders  located  in  Switchhouse  No.  1.  Power  is  distributed  from  the 
13.8-kV  bus  in  Switchhouse  No.  1  as  follows  (See  Figure  Bl-19): 

♦  Three  13.8-kV  feeders  to  the  Pentagon 

♦  Three  13.8/4.16-kV  transformers  supplying  the  three  4.16-kV  busses  used  to 
supply  most  of  the  NHRP  electrical  requirements 

♦  13.8/ 2.3-kV  transformers  supplying  the  2.3-kV  bus. 

All  high  voltage  switchgear  is  controlled  locally  at  the  switchgear  and  is  pro¬ 
vided  with  emergency  control  power  by  a  125-V  DC  battery  system. 

The  4,160-V  switchgear  is  located  on  the  first  floor  of  the  refrigeration  plant. 


Low  Voltage  System 

The  low  voltage  system  (480/208/120-V  AC  and  125-V  DC)  receives  power 
from  the  high  voltage  system  and,  after  transforming  it  down  to  the  required 
voltage,  supplies  all  of  the  plant's  lower  voltage  loads.  The  low  voltage  system  is 
used  for  operating  and  controlling  all  of  the  heating  and  refrigeration  plant  aux¬ 
iliary  electrical  loads  and  for  lighting. 

The  loads  supplied  by  the  low  voltage  system  are  powered  from  switch¬ 
boards,  motor  control  centers,  and  power  panels  located  on  the  first  floor  of  the 
refrigeration  plant.  All  voltage  to  these  panels  and  boards  must  be  transformed 
down  from  a  higher  value  of  supply  voltage  by  means  of  various  transformers 
rated  at  specific  voltages. 

The  DC  system  converts  the  low  voltage  AC  supply  to  DC.  The  DC  power  is 
used  to  operate  the  high  voltage  switchgear  and  to  charge  the  battery  bai^.  The 
DC  system  offers  an  uninterrupted  source  of  control  voltage  for  the  safe  opera¬ 
tion  of  the  high  voltage  switchgear.  There  are  two  DC  voltage  systems. 
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Appendix  C 


Heating  and  Refrigeration  Plant 

Position  Descriptions 


New  Heating  and  Refrigeration  Plant 
Position  Descriptions 


This  appendix  provides  position  descriptions  for  the  plant  manager,  opera¬ 
tions  and  maintenance  manager,  general  foreman,  shift  foreman,  computer  sys¬ 
tems  specialist,  plant  operator,  repair  mechanic,  electrician,  and  electronic 
industrial  controls  mechanic.  Position  descriptions  for  the  remainder  of  the  per¬ 
sonnel  (pipefitter-welders  and  administrative  staff)  are  essentially  the  same  as 
the  existing  ones  for  the  Pentagon  Utilities  Plant. 
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Federal  Facilities  Division 
New  Heating  and  Refrigeration  Plant 
Supervisor  Mechanical  Engineer 
Plant  Manager 

Introduction 

The  incumbent  plans,  directs,  coordinates,  controls,  and  evaluates  all  activi¬ 
ties  for  the  New  Heating  and  Refrigeration  Plant  (NHRP)  and  is  accountable  for 
fulfilling  obligations  within  budget  and  schedule.  The  plant  is  responsible  for 
the  production  of  steam  and  chilled  water  as  well  as  the  disposal  of  sewage.  The 
plant  generates  high  pressure  steam  and  chilled  water  to  supply  the  heating  and 
cooling  needs  of  the  Pentagon,  Navy  Annex  [Federal  Office  Building  (FOB)  2], 
and  Marine  Corps  Headquarters  (Henderson  Hall).  The  Pentagon  Sewage  Pump 
Station  handles  sewage  from  the  Pentagon,  FOB  2,  and  Arlington  National 
Cemetery.  The  plant  is  in  operation  on  a  continuous,  year-round  basis  and  pro¬ 
vides  services  to  personnel  and  equipment  essential  to  national  defense. 

The  Plant  Manager  is  responsible  for  the  activities  of  approximately  40  em¬ 
ployees  engaged  in  technical,  administrative,  and  various  trades/ crafts  work. 

The  incumbent  reports  to  the  Director,  Federal  Facilities  Division  (FFD). 

Until  the  NHRP,  which  is  currently  imder  construction,  becomes  opera¬ 
tional,  the  Plant  Manager  will  interface  with  the  Pentagon  Renovation  and  Plan¬ 
ning  Office  through  the  FFD  to  participate  in  equipment  and  controls  reviews 
from  an  operations  and  maintenance  standpoint.  The  Plant  Manager  will  assign 
NHRP  personnel  to  training  and  start-up  functions  of  new  equipment  and  sys¬ 
tems.  The  Plant  Manager  will  initiate  plans  and  programs  to  ensure  NHRP  per¬ 
sonnel  are  trained  and  qualified  to  operate  the  plant  at  the  time  of  turnover. 


Major  Duties 

Management 


Manages  the  heating  and  refrigeration  plant  including  operation,  mainte¬ 
nance,  repairs,  and  configuration  control  of  the  heating  and  cooling  piping  distri¬ 
bution  systems  to  the  buildings  in  a  manner  consistent  with  providing  reliable 
heating  and  cooling  to  the  Pentagon,  FOB  2,  and  Henderson  Hdl. 
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Provides  guidance  and  leadership  to  the  NHRP  organization  and  in  the  de¬ 
velopment  of  guidelines  for  the  execution  of  all  policies,  procedures,  and  man¬ 
agement  activities  on  a  continuing  basis. 


Cost  Control 


Is  responsible  for  the  budget  and  control  of  operation,  maintenance,  and  re¬ 
pair  costs  for  the  plant  and  distribution  systems. 

Oversees  the  operation  of  the  heating  and  refrigeration  plant  and  associated 
distribution  systems  to  minimize  expenses. 

Reviews,  from  a  management  cost  savings  viewpoint,  technical  require¬ 
ments,  workload  plans,  and  other  factors  affecting  the  cost  of  scheduled 
performance  of  work  activities. 

Administers  all  contractual  requirements  and  assigns  tasks  in  accordance 
with  the  terms  of  contracts  as  they  relate  to  NHRP  activities. 


Reports 


Defines  goals,  maintains  status  and  provides  progress  reports  for  the  NHRP 
and  submits  such  reports,  as  appropriate,  to  the  Washington  Headquarter  Serv¬ 
ices  (WHS)/FFD. 

Evaluates  systems  and  methods  as  encoimtered  in  the  course  of  work  and 
recommends  ways  to  improve  plant  performance  and  methods. 

Supervises  the  development  of  long-range  plans  and  schedules. 

Supervises  the  development  of  heating  and  refrigeration  plant  policy  and 
procedure  manuals,  including  work  and  record  control  procedures. 


Personnel  Administration 

Maximizes  utilization  of  manpower  to  minimize  staffing  levels.  Has  the 
authority  to  hire  and  to  dismiss  personnel  to  achieve  efficiency  and  reliable,  safe 
operation  of  the  plant. 

Manages  labor  relations  of  all  NHRP  personnel. 

Is  responsible  for  on-the-job  training  and  for  recommending  training  devel¬ 
opment  of  employees  to  increase  their  proficiency  in  satisfying  current  job  re¬ 
quirements  and  to  enhance  their  potential  for  advancement  to  more  responsible 
positions. 
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General  Administration 

Administers  the  plant  safety  program,  enforces  safety  rules  and  practices, 
and  develops  safe  working  practices. 

Is  qualified  to  perform  first  aid  in  the  event  of  injuries  to  employees.  Has  a 
working  knowledge  of  fire  protection  and  the  capabilities  of  equipment. 

Ensures  compliance  with  Occupational  Safety  and  Health  Administration 
(OSHA),  Environmental  Protection  Agency  (EPA),  and  Department  of  Defense 
(DoD)  regulations;  appropriate  American  Society  of  Mechanical  Engineers  codes; 
National  Board  Inspection  codes;  and  local  and  national  fire  and  electrical  codes. 

Supports  Equal  Employment  Opportunity  program  to  ensure  the  hiring  and 
development  of  qualified  minorities,  women,  handicapped  individuals,  disabled 
veterans,  and  veterans  of  the  Vietnam  era. 


Interim  Duties 


Reviews  equipment  and  systems  during  construction  of  the  NHRP  to  pro¬ 
vide  input  on  matters  affecting  operability  and  maintainability.  Establishes 
training  and  qualification  programs  for  the  new  equipment  and  systems  to  en¬ 
sure  personnel  are  qualified  to  operate  the  plant  at  &e  time  of  turnover.  Assigns 
NHI^  personnel  to  assist  in  initial  start-up  and  operation  in  support  of  the  turn¬ 
over  phase. 


Other  Duties 


Performs  other  duties  as  assigned. 


Qualifications  Required 

Factor  1  —  Knowledge  Required  by  the  Position 

The  incumbent  is  required  to  have  a  mastery  of  mechanical  engineering 
principles,  practices,  and  techniques,  especially  as  related  to  large  steam  and  re¬ 
frigeration  plant  design,  construction,  and  repair  procedures.  Such  expertise  is 
equivalent  to  that  evidenced  by  possession  of  a  Bachelor  of  Science  in  Engineer¬ 
ing  from  an  accredited  college  or  university.  This  knowledge  is  needed  to  im- 
derstand  the  theory  and  principles  of  the  design  of  equipment  and  system 
fvmctiordng  and  to  resolve  complex  mechanical  and  engineering  problems  re¬ 
lated  to  functions  involved  with  the  repair,  engineering,  operation,  and  mainte¬ 
nance  within  the  NHRP. 
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The  incumbent  must  hold  a  District  of  Columbia  Class  1  Steam  Engineer  Li¬ 
cense  or  an  equivalent  license  (such  as  a  marine  engineering  license)  or  have  a 
minimum  of  three  years  experience  as  a  supervisor  of  operations  of  a  steam 
(100,000  Ib/hr  or  greater  capacity)  and  chiller  (10,000  t/hr  or  greater  capacity) 
plant.  This  knowledge  factor  provides  evidence  of  practical  experience  in  plant 
operations. 

The  incumbent  must  have  knowledge  of  computerized  distributed  process 
control  systems,  including  microprocessor-based  controls  and  instruments,  op¬ 
erator  workstations,  and  automatic-to-manual  control  protocols.  The  NHRP  is  a 
fully  automated  plant  utilizing  state-of-the-art  distributed  process  controls  and 
requires  an  understanding  of  and  ability  to  use  a  computer,  software,  and  associ¬ 
ated  devices. 

The  incumbent  must  have  knowledge  of  the  essential  elements  of  the  Fed¬ 
eral  Personnel  Manual  (FPM)  and  DoD  administrative  instructions  and  policies 
to  control,  support,  evaluate,  discipline,  etc.,  subordinates  when  necessary. 

The  incumbent  must  be  able  to  communicate  effectively  both  orally  and  in 
writing.  This  ability  is  necessary  to  present  ideas,  statements,  interpretations,  in¬ 
structions,  etc.,  to  subordinates,  superiors,  agency  representatives,  contractors, 
and  others. 


Factor  2  —  Supervisory  Controls 

The  incumbent  is  responsible  for  overall  personnel  administration  of  the 
NHRP,  including  planning,  assigning,  and  setting  priorities  for  work  to  be  ac¬ 
complished  by  subordinates.  Work  assignments  are  made  with  knowledge  of 
their  difficulty  and  the  ability  of  the  subordinates.  The  incumbent  reviews  the 
productivity  of  employees,  counseling  and  instructing  them  in  both  administra¬ 
tive  and  technical  work  matters. 

The  incumbent  interviews  candidates  for  transfer,  promotion,  or  appoint¬ 
ment  to  positions  in  the  NHRP  and  recommends  the  appropriate  personnel  ac¬ 
tion. 


The  incumbent  appraises  subordinates  as  to  need  for  development  and 
training  and  keeps  informed  of  classes,  seminars,  and  engineering  society  meet¬ 
ings  that  subordinates  may  attend  so  that  they  may  apply  new  knowledge  de¬ 
rived  therefrom  to  their  daily  work  assignments. 

The  incumbent  hears  and  resolves  individual  or  small  group  complaints 
concerning  NHRP.  More  serious,  unresolved  matters,  such  as  large  group  or  la¬ 
bor  union  complaints,  are  prepared  for  presentation  to  the  Director,  FFD. 

The  incximbent  recommends  necessary  measures  to  resolve  the  more  seri¬ 
ous  disciplinary  cases  and  issues  reprimands  or  suspensions  in  minor  discipli¬ 
nary  cases. 
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Factor  3  —  Guidelines 


The  DoD  imposes  general  guidelines  requiring  that  operations,  mainte¬ 
nance,  and  repair  be  performed  safely  and  efficiently  and  in  accordance  with 
Federal  Property  Management  Regulations  and  with  OSHA,  EPA,  and  similar 
rules  and  regulations.  Personnel  administration  is  controlled  by  the  FPM  and 
Office  of  the  Secretary  of  Defense  administrative  instructions.  Due  to  the  com¬ 
plex  nature  of  the  NHRP,  considerable  interpretation  of  guidelines  is  required  of 
the  incumbent. 

Equipment  and  system  operating  guidelines  include  system  descriptions, 
manufacturers'  operating  and  maintenance  instructions,  power  plant  handbooks, 
established  practices,  and  precedents  from  similar  facilities. 

The  guidelines  are  frequently  not  wholly  applicable  to  the  work.  The  in¬ 
cumbent  is  required  to  use  resourcefulness  and  judgement  based  on  broad  expe¬ 
rience  to  develop  solutions  to  the  novel  problems  encountered  in  providing 
utility  services  to  the  varioxis  buildings. 


Factor  4  —  Complexity 

The  NHRP  is  a  complex  mechanical  system  integrated  to  produce  the  essen¬ 
tial  utility  services,  including  steam  for  heating,  chilled  water  for  cooHng,  and 
compressed  air  for  control.  Numerous  subsystems  are  employed,  including  fuel 
handling  systems,  high  and  low  voltage  electrical  systems,  condenser  water  sys¬ 
tem,  and  many  more. 

The  Plant  Manager  operates  imder  the  general  supervision  of  the  Director, 
FED.  However,  the  Plant  Manager  has  the  authority  for  independent  action  in 
conducting  the  activities  of  the  plant  and  in  directing  the  work  of  subordinates. 
According  to  prescribed  criteria,  the  Plant  Manager  makes  decisions  in  matters 
other  than  those  involving  major  policy.  The  Plant  Manager  ensures  that  plant 
procedures  and  guidelines  follow  overall  policy  and  established  General  Services 
Administration  and  DoD  procedures. 


Factor  5  —  Scope  and  Effect 

Reliable  utility  services  (steam,  chilled  water,  and  compressed  air)  and  sew¬ 
age  removal  are  essential  to  create  an  environment  where  essential  personnel 
and  critical  equipment  of  the  DoD  can  perform  assigned  missions.  The  total  fail¬ 
ure  of  any  system  may  jeopardize  operations  and  prevent  building  occupants 
from  performing  their  missions.  The  plant  supports  the  Pentagon,  Navy  Annex, 
and  other  area  buildings.  The  primary  function  of  the  Plant  Manager  is  to  ensure 
that  plant  services  are  reliably  provided  to  the  Pentagon  and  other  buildings. 


Factor  6  —  Personal  Contacts 


Contacts  are  frequently  required  with  the  Director,  FFD  and  various  manag¬ 
ers  within  WHS  and  FFD,  with  the  NHRP  Operations  and  Maintenance  Manager 
and  General  Foreman,  and  with  lower  level  employees  who  perform  tiie  day-to- 
day  operations  and  repairs.  In  addition,  the  incumbent  must  contact  managers 
in  the  using  buildings  and  brief  tenant  agency  officials.  Contacts  also  are  re¬ 
quired  with  suppliers  and  equipment  manufacturers. 


Factor  7  —  Purpose  of  Contacts 

Contacts  with  the  Director,  FFD  and  tenant  agency  officials  are  made  to  de¬ 
termine  needs,  receive  guidance,  or  conduct  briefings  about  NHRP  status  or 
problems. 

Contacts  with  subordinates  are  made  to  resolve  complaints,  issue  instruc¬ 
tions,  conduct  training,  provide  evaluations,  etc. 

Contacts  with  suppliers  and  equipment  manufacturers  are  made  to  deter¬ 
mine  the  scope  of  their  preferred  services  and  to  evaluate  their  cost  effectiveness. 


Factor  8  —  Physical  Demands 

Work  involves  some  walking,  standing,  bending,  stooping,  crawling,  and 
climbing  of  ladders  to  inspect  equipment,  repairs,  or  problems.  Most  work  will 
be  in  an  office  envirorunent. 


Factor  9  —  Work  Environment 

The  incumbent  works  in  an  office  environment  the  majority  of  the  time,  but 
may  find  it  necessary  to  spend  as  much  as  50  percent  of  the  time  touring  and  in¬ 
specting  the  steam  generation  plant,  refrigeration  plant,  sewage  pumping  sta¬ 
tion,  steam  tunnels,  manholes,  etc.,  for  several  consecutive  weeks.  The  operating 
areas  are  noisy,  hot  or  cold,  and  dirty,  and  they  contain  moving  equipment  and 
pressurized  piping  systems,  which  can  be  hazardous  if  improperly  operated. 
The  plant  contains  asbestos  and  other  hazardous  chemicals  ^at  require  special 
handling  procedures  and  protection.  Conditions  require  that  appropriate  safety 
gear  such  as  hard  hats,  protective  eye  wear,  and  gloves  be  worn. 

The  incumbent  must  pass  a  physical  examination  annually  with  medical  cer¬ 
tification  of  ability  to  wear  a  negative  pressure  regulator. 
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Federal  Facilities  Division 
New  Heating  and  Refrigeration  Plant 
Supervisor  Mechanical  Engineer 
Operations  and  Maintenance  Manager 

Introduction 

The  incumbent  is  responsible  for  the  operation  and  maintenance  of  all 
equipment  in  the  New  Heating  and  Refrigeration  Plant  (NHRP).  The  plant  is  re¬ 
sponsible  for  the  production  of  steam  and  chilled  water  as  well  as  the  disposal  of 
sewage.  The  plant  generates  high  pressure  steam  and  chilled  water  to  supply  the 
heating  and  cooling  needs  of  the  Pentagon,  Navy  Annex  [Federal  Office  Building 
(FOB)  2],  and  Marine  Corps  Headquarters  (Henderson  HaU).  The  Pentagon  Sew¬ 
age  Pump  Station  handles  sewage  from  the  Pentagon,  FOB  2,  and  Arlington  Na¬ 
tional  Cemetery.  The  plant  is  in  operation  on  a  continuous,  year-round  basis  and 
provides  services  to  personnel  and  equipment  essential  to  national  defense. 

The  incumbent  reports  to  the  Plant  Manager. 

Until  the  NHRP,  which  is  currently  imder  construction,  becomes  opera¬ 
tional,  the  Operations  and  Maintenance  Manager  will  participate  in  equipment 
and  system  reviews,  training,  walkdowns,  start-up,  and  testing  to  become  fully 
qualified  at  the  time  of  turnover. 


Major  Duties 

Management 


Supervises  personnel  responsible  for  the  operation  and  maintenance  of 
equipment  in  the  NHRP.  Personnel  supervised  include  the  General  Foreman, 
Shift  Foremen,  and  Computer  Systems  Specialist. 

Reviews  plant  and  equipment  operating  conditions  and  load  requirements 
to  ensure  that  plant  capability  is  maintained  at  the  highest  level  within  environ¬ 
mental  constraints.  Periodically  tours  the  plant  to  check  performance  of  shift 
personnel  and  to  determine  if  equipment  is  operating  satisfactorily  and  if  safety 
standards  are  being  met. 
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Prepares,  or  directs  the  preparation  of,  procedures  for  the  proper  operation 
of  equipment,  including  start-up  and  shutdown,  lay  up,  release  for  maintenance 
work,  switdiing  of  related  electrical  equipment,  and  tagging  of  equipment  taken 
out  of  service.  Ensures  that  safety  procedures  are  prepared  and  appropriate  no- 
taces  are  posted  where  hazardous  conditions  may  be  present.  Ensures  that  proce- 
ctoes  are  implemented  and  that  personnel  are  trained  and  qualified  to  maintain 
the  safe,  efficient,  economical,  and  dependable  operation  of  the  plant. 

Reviews  digital  computer  operations  and  has  complete  knowledge  of  the 
functionmg  of  computerized  distributed  control  systems,  including  electronic 
signal  processors,  analog-to-digital  converters,  fiber  optic  transmission  links 
data  networks,  programmable  logic  controUers,  distributed  process  controllers, 
and  microprocessor-based  monitoring  instrumentation. 

Specifies  the  practices  to  be  followed  in  implementing  maintenance  work  or¬ 
ders  by  shift  personnel,  including  postrepair  inspection  and  testing. 

Ensures  that  records  of  all  operations  and  pertinent  shift  activities  are  prop¬ 
erly  logged  and  retained.  ^  ^ 


Identifies,  develops,  and  implements  recommendations  for  improvements  in 
operations  and  safety  practices. 


Determines  if  fuel  deliveries  and  reserves  are  adequate  and  will  meet  con¬ 
sumption  requirements  and  determines  if  other  supplies,  materials,  and  equip¬ 
ment  are  available  to  meet  operational  requirements. 

Maintains  the  current  status  of  mechanical  and  electrical  equipment  in  and 
out  of  service.  Determines  causes  of  unusual  or  improper  operation  and  operat¬ 
ing  conditions  and  of  equipment  failiure,  and  takes  necessary  action  to  prevent 
recurrence  of  improper  operation  or  equipment  failure. 


Reports 

Prepares  weekly,  monthly,  and  yearly  reports  of  operations.  Those  reports 
summarize  plant  and  personnel  performance,  identify  areas  where  improve¬ 
ments  are  needed,  and  recommend  improvements.  Prepares  reports  as  directed 
by  the  Plant  Manager. 


Personnel  Administration 

Prepares  shift  assignments.  Establishes  duties  of  personnel  for  all  antici¬ 
pated  evolutions  and  emergency  situations.  Periodically  conducts  drills  for 
emergency  situations  and  arranges  for  training  where  necessary. 
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Assists  in  maintaining  effective  employee  relations  in  the  pl^t.  Reviews 
time  and  attendance  records.  Evaluates  employee  performance,  takes  appropri¬ 
ate  disciplinary  action,  and  works  with  union  stewards  to  resolve  problems. 

Is  responsible  for  the  training  and  development  of  employees  to  increase 
their  proficiency  in  satisfying  current  job  requirements  and  enhance  potential  to 
advance  to  more  responsible  positions. 


General  Administration 

Supervises  and  administers  the  plant  safety  program,  enforces  safety  rules 
and  practices,  and  develops  safe  working  practices. 

Is  qualified  to  perform  first  aid  in  the  event  of  injuries  to  employees.  Has  a 
working  knowledge  of  fire  protection  and  the  capabilities  of  equipment. 

Supports  Equal  Employment  Opportunity  program  to  ensure  the  hiring  ^d 
development  of  qualified  minorities,  women,  handicapped  individuals,  disabled 
veterans,  and  veterans  of  the  Vietnam  era. 

Supports  management  programs  such  as  charity  and  bond  campaigns. 


Interim  Duties 

Supervises  operating  personnel  and  participates  in  the  start-up  and  testing 
on  equipment  and  systems  of  the  NHRP  during  the  time  of  construction. 


Other  Duties 


Performs  other  duties  as  assigned. 


Qualifications  Required 

Factor  1  —  Knowledge  Required  by  the  Position 

The  incumbent  must  have  knowledge  of  professional  engineering  principles, 
practices,  and  techniques,  especially  as  related  to  large  steam  and  refngeration 
plant  design,  construction,  and  repair  procedures.  Such  expertise  is  eqmvalent 
to  that  evidenced  by  possession  of  a  Bachelor  of  Science  in  Enginee^g  from  ^ 
accredited  college  or  university.  This  knowledge  is  needed  to  understand  the 
theory  and  principles  of  the  design  of  equipment  and  sptem  functiorung  and  to 
transcribe  this  understanding  into  procedures  and  practices. 
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The  incumbent  must  hold  a  District  of  Columbia  Class  1  Steam  Engineer  Li¬ 
cense  or  an  equivalent  license  (such  as  a  marine  engineering  license)  or  have  a 
minimum  of  three  years  experience  as  a  supervisor  of  operations  of  a  steam 
(100,000  Ib/hr  or  greater  capacity)  and  chiller  (10,000  t/hr  or  greater  capacity) 
plant.  This  knowledge  factor  provides  evidence  of  practical  experience  in  plant 
operations. 

The  incumbent  must  have  knowledge  of  computerized  distributed  process 
control  systems,  including  microprocessor-based  controls  and  instruments,  op¬ 
erator  workstations,  and  automatic-to-manual  control  protocols.  The  NHRP  is  a 
fuUy  automated  plant  utilizing  state-of-the-art  distributed  process  controls  and 
requires  an  understanding  of  and  ability  to  use  a  computer,  software,  and  associ¬ 
ated  devices. 

Knowledge  of  the  essential  elements  of  the  Federal  Personal  Manual  (FPM) 
and  Department  of  Defense  (DoD)  administrative  instructions  and  policies  to 
control,  support,  evaluate,  discipline,  etc.,  subordinates  when  necessary. 

Ability  to  communicate  effectively  both  orally  and  in  writing.  This  ability  is 
necessary  to  present  ideas,  statements,  interpretations,  instructions,  etc.,  to  sub¬ 
ordinates,  superiors,  agency  representatives,  contractors,  and  others. 


Factor  2  —  Supervisory  Controls 

The  incumbent  is  responsible  for  supervision  of  operations  and  maintenance 
personnel,  including  planning,  assigning,  and  setting  priorities  for  work  to  be  ac¬ 
complished.  The  incumbent  ensures  that  procedures  are  developed  for  antici¬ 
pated  evolutions  and  emergency  situations;  monitors  plant  operations  and 
maintenance  and  personnel  performance  to  ensure  that  procedtues  are  properly 
implemented;  and  reviews  the  work  and  productivity  of  personnel,  giving  coim- 
sel  and  instruction  in  both  administrative  and  technical  work  matters. 

The  incumbent  evaluates  the  adequacy  of  staffing  and  determines  if  aug¬ 
mentation  or  replacements  are  necessary.  The  incumbent  interviews  candidates 
for  assignment  to  shift  duties  and  selects  personnel  for  transfer,  promotion,  or 
appointment  to  positions  in  operation  and  maintenance  of  the  NHRP. 

The  incumbent  evaluates  personnel  as  to  need  for  development  and  training 
and  schedules  classes,  training  and  meetings  to  improve  or  maintain  proficiency 
of  the  operating  staff. 

The  incumbent  participates  in  the  review  of  complaints  concerning  shift  op¬ 
eration;  participates  in  the  resolution  of  complaints;  and  recommends  repri¬ 
mands  or  suspensions,  as  appropriate. 


Factor  3  —  Guidelines 


The  DoD  imposes  general  gviidelmes  requiring  that  operations,  mainte¬ 
nance,  and  repair  be  performed  safely  and  efficiently  and  in  accordance  with 
Federal  Property  Management  Regulations  and  with  Occupational  Safety  and 
Health  Administration,  Environmental  Protection  Agency,  and  similar  rules  and 
regulations.  Personnel  administration  is  controlled  by  FPM  and  Office  of  the 
Secretary  of  Defense  administrative  instructions.  Specific  guidelines  for  person¬ 
nel  administration  of  the  NHRP  are  to  be  implemented  by  the  Operations  and 
Maintenance  Manager. 

Equipment  and  system  operating  guidelines  include  system  descriptions, 
manufacturers'  operating  and  maintenance  instructions,  power  plant  handbooks, 
established  practices,  and  precedents  from  similar  facilities.  The  Operations  and 
Maintenance  Manager  utilizes  all  appropriate  references  in  formulating  operat¬ 
ing  procedures  for  die  specific  equipment  and  systems  in  NHRP. 

The  guidelines  are  frequently  not  wholly  applicable  to  the  work.  The  in¬ 
cumbent  is  required  to  use  resourcefulness  and  judgment  based  on  broad  experi¬ 
ence  to  develop  solutions  to  the  novel  problems  encountered  in  providing  utility 
services  to  the  various  buildings. 


Factor  4  —  Complexity 

The  NHRP  is  a  complex  mechanical  system  integrated  to  produce  the  essen¬ 
tial  utility  services,  including  steam  for  heating,  chilled  water  for  cooling,  and 
compressed  air  for  control.  Numerous  subsystems  are  employed,  including  fuel 
handling  systems,  high  and  low  voltage  electrical  systems,  condenser  water  sys¬ 
tem,  and  many  more.  It  is  the  responsibility  of  the  Operations  and  Maintenance 
Manager  to  ensure  that  appropriate  procedures  are  in  place  and  that  operating 
and  maintenance  personnel  are  properly  trained  to  ensure  the  safe  and  efficient 
operation  of  the  NHRP.  This  responsibility  requires  a  combination  of  technical 
leadership  and  motivational  skills  in  dealing  with  mechanical,  electrical,  and 
electronic  equipment  and  with  people  of  various  levels  of  knowledge  and  experi¬ 
ence.  Therefore,  procedures  must  be  tailored  to  the  needs  of  the  equipment  as 
weU  as  to  the  skill  levels  of  assigned  personnel,  and  training  programs  formu¬ 
lated  to  assure  essential  operations  are  specified  for  safe  operation,  while  raising 
the  level  of  knowledge  of  personnel. 

The  Operations  and  Maintenance  Manager  is  under  the  direction  of  the 
Plant  Manager.  However,  the  Operations  and  Maintenance  Manager  has  the 
authority  for  independent  action  in  directing  the  work  of  subordinates  to  pro¬ 
vide  safe  and  efficient  operation  according  to  prescribed  instructions  and  guide¬ 
lines. 
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Factor  5 


Scope  and  Effect 


Reliable  utility  services  (steam,  chilled  water,  and  compressed  air)  and  sew¬ 
age  removal  create  an  environment  where  the  essential  personnel  and  critical 
equipment  of  the  DoD  can  perform  assigned  missions.  Failure  of  utility  services 
may  jeopardize  operations  and  prevent  building  occupants  from  performing  as¬ 
signed  missions.  The  plant  supports  the  Pentagon,  Navy  Annex,  and  other  area 
buildings. 

The  Operations  and  Maintenance  Manager's  primary  function  is  to  ensure 
that  personnel  are  properly  instructed  and  trained  for  the  safe  and  efficient  op¬ 
eration  and  maintenance  of  NHRP  equipment  to  maintain  utility  service  to  the 
Pentagon  and  other  buildings. 


Factor  6  —  Personal  Contacts 

Contacts  are  required  with  the  Plant  Manager,  General  Foreman,  Shift  Fore¬ 
men,  and  Computer  Systems  Specialist,  as  well  as  with  lower  level  employees 
who  perform  the  day-to-day  operations  and  repairs.  In  addition,  the  incumbent 
meets  with  contractors,  equipment  manufacturers,  and  others  involved  with  pro¬ 
viding  supplies  or  services  to  the  NHRP. 

Factor  7  —  Purpose  of  Contacts 

Contact  with  the  Plant  Manager  is  made  to  receive  direction  and  guidance 
and  to  provide  briefings  about  equipment  and  systems  status  or  problems.  In¬ 
formation  and  recommendations  are  given  regarding  persormel  performance  and 
problems. 

Contacts  with  peers  and  subordinates  are  made  to  resolve  complaints,  issue 
instructions,  conduct  training,  provide  evaluations,  etc. 

Contacts  with  contractors  and  equipment  manufacturers  are  made  to  pro¬ 
vide  direction,  ensure  plant  and  personnel  safety,  and  imderstand  the  work  they 
are  assigned  to  perform. 


Factor  8  —  Physical  Demands 

Work  is  in  an  office  as  well  as  in  power  plant  equipment  spaces  and  involves 
significant  walking,  standing,  bending,  stooping,  crawling,  and  climbing  of  lad¬ 
ders  to  inspect  equipment,  repairs,  or  problems. 
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Factor  9  —  Work  Environment 


The  work  environment  includes  offices,  control  room,  switchgear  rooms, 
and  operating  equipment  areas,  including  the  steam  generation  plant,  refrigera¬ 
tion  plant,  sewage  pumping  station,  steam  tunnels,  manholes,  etc.  The  operating 
areas  are  noisy,  hot  or  cold,  and  dirty,  and  they  contain  moving  parts,  high  volt¬ 
age  equipment,  and  pressurized  piping  systems,  all  of  which  can  be  hazardous  if 
improperly  operated.  The  plant  contains  hazardous  chemicals  that  require  spe¬ 
cial  handling  procedures  and  protection.  Conditions  require  that  appropriate 
safety  gear  such  as  hard  hats,  protective  eye  wear,  and  gloves  be  worn. 

The  incumbent  must  pass  a  physical  examination  annually  with  medical  cer¬ 
tification  of  ability  to  wear  a  negative  pressure  regulator. 


Federal  Face^ities  Division 
New  FIeating  and  Refrigeration  Plant 
Utility  Systems  Repairer  Operator 
General  Foreman 

Introduction 

The  incumbent  is  responsible  for  the  maintenance  of  all  equipment  in  the 
New  Heating  and  Refrigeration  Plant  (NHRP).  The  plant  is  responsible  for  the 
production  of  steam  and  chilled  water  as  well  as  the  disposal  of  sewage.  The 
plant  generates  high  pressure  steam  and  chilled  water  to  supply  the  heating  and 
coolmg  needs  of  the  Pentagon,  Navy  Annex  [Federal  Office  Building  (FOB)  2], 
and  Marine  Corps  Headquarters  (Henderson  Hall).  The  Pentagon  Sewage  Pump 
Station  handles  sewage  from  the  Pentagon,  FOB  2,  and  Arlington  National 
Cemetery.  The  plant  is  in  operation  on  a  continuous,  year-round  basis  and  pro¬ 
vides  services  to  personnel  and  equipment  essential  to  national  defense. 

The  incumbent  reports  to  the  Operations  and  Maintenance  Manager. 

Until  the  NHRP,  which  is  currently  under  construction,  becomes  opera¬ 
tional,  the  General  Foreman  will  participate  in  equipment  and  system  reviews, 
training,  walkdowns,  start-up,  and  testing  to  become  fully  qualified  at  the  time 
of  turnover. 


Major  Duties 

Supervises  personnel  responsible  for  the  maintenance  of  equipment  in  the 
NHRP.  Personnel  supervised  include  the  Repair  Mechanics,  Electricians,  Elec¬ 
tronic  Industrial  Controls  Mechanics,  and  Pipefitter-Welders. 

Reviews  equipment  operating  conditions  and  maintenance  status  to  ensure 
that  equipment  availability  is  sufficient  to  ensure  that  plant  services  are  met.  Pe¬ 
riodically  makes  tours  of  plant  to  check  performance  of  shift  and  maintenance 
personnel  and  to  determine  if  equipment  is  operating  satisfactorily  and  if  safety 
standards  are  being  met. 

Prepares,  or  directs  the  preparation  of,  procedures  for  the  proper  mainte¬ 
nance  of  equipment,  including  steps  for  proper  shutdown  and  isolation,  layup, 
release  for  maintenance  work,  switching  of  related  electrical  equipment,  and 
tagging  of  equipment  taken  out  of  service.  Ensures  that  safety  precautions  are 
specified  where  hazardous  conditions  may  be  present.  Ensures  that  procedures 
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are  implemented  and  that  personnel  are  trained  and  qualified  to  perform  mainte¬ 
nance  safely,  efficiently,  and  economically. 

Reviews  digital  computer  operations  and  xmderstands  the  fimctioning  of 
computerized  distributed  control  systems,  including  electronic  signal  processors, 
analog-to-digital  converters,  fiber  optic  transmission  links,  data  networks,  pro¬ 
grammable  logic  controllers,  distributed  process  controllers,  and  microprocessor- 
based  monitoring  instrumentation. 

Specifies  the  practices  to  be  followed  in  implementing  maintenance  work  or¬ 
ders  including  postrepair  inspection  and  testing. 

Ensures  that  records  of  all  maintenance  activities  are  properly  logged  and 
retained. 

Identifies,  develops,  and  implements  recommendations  for  improvements  in 
maintenance  and  safety  practices. 

Determines  if  supplies,  parts,  materials,  and  equipment  are  available  to  meet 
maintenance  requirements. 

Tracks  the  status  of  mechanical  and  electrical  equipment  in  and  out  of  serv¬ 
ice.  Determines  causes  of  imusual  or  repeated  failures  and  takes  necessary  ac¬ 
tion  to  prevent  recurrence. 


Skill  and  Knowledge 

The  incumbent  has  knowledge  of  principles  and  is  skilled  in  the  practices 
and  techniques  for  the  maintenance  and  operation  of  large  steam  and  refrigera¬ 
tion  plant  electrical  and  mechanical  systems  and  equipment.  Evidence  of  a  mini¬ 
mum  of  five  years  experience  as  a  lead  repair  mechanic  or  lead  electrician  in  a 
steam  generation  and  chiller  plant  is  required.  This  knowledge  and  experience  is 
needed  to  imderstand  the  functioning  of  equipment  and  systems  and  to  tran¬ 
scribe  this  imderstanding  into  procedures  and  practices. 

The  incumbent  olds  a  District  of  Coliimbia  Class  1  Steam  Engineer  License 
or  an  equivalent  license  (such  as  a  marine  engineering  license),  or  has  a  mini¬ 
mum  of  three  years  experience  as  an  operator  in  a  large  steam  (100,000  Ib/hr  or 
greater  capacity)  and  chiller  (10,000  t/lu  or  greater  capacity)  plant.  This  knowl¬ 
edge  provides  evidence  of  practical  experience  in  plant  operations. 

The  incumbent  has  knowledge  of  computerized  distributed  process  control 
systems,  including  microprocessor-based  controls  and  instruments,  operator 
workstations,  and  automatic-to-manual  control  protocols.  The  NHRP  is  a  fully 
automated  plant  utilizing  state-of-the-art  distributed  process  controls  and  re¬ 
quires  an  understanding  of  and  ability  to  use  a  computer,  software,  and  associ¬ 
ated  devices. 
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The  incumbent  has  knowledge  of  the  essential  elements  of  the  Federal  Per¬ 
sonnel  Manual  (FPM)  and  Department  of  Defense  (DoD)  administrative  instruc¬ 
tions  and  policies  to  control,  support,  evaluate,  discipline,  etc.,  subordinates 
when  necessary. 

The  incumbent  can  communicate  effectively  both  orally  and  in  writing.  This 
ability  is  necessary  to  present  ideas,  statements,  interpretations,  instructions,  etc., 
to  subordinates,  superiors,  agency  representatives,  contractors,  and  others. 


Responsibilities 

Is  responsible  for  supervision  of  maintenance  personnel.  Plans,  assigns,  and 
sets  priorities  for  work  to  be  accomplished.  Establishes  duties  of  personnel.  En¬ 
sures  that  procedures  are  developed  for  anticipated  maintenance  activities  and 
emergency  situations.  Monitors  equipment  maintenance  and  personnel  perform¬ 
ance  to  ensure  that  procedures  are  properly  implemented. 

Evaluates  the  adequacy  of  staffing  and  determines  if  augmentation  or  re¬ 
placements  are  necessary.  Interviews  candidates  for  assignment  to  maintenance 
duties.  Prepares  input  for  the  selection  of  personnel  for  transfer,  promotion,  or 
appointment  to  positions  in  operation  and  maintenance  of  the  NHRP. 

Is  responsible  for  the  training  and  development  of  maintenance  personnel  to 
increase  their  proficiency  in  satisfying  current  job  requirements  and  to  enhance 
potential  to  advance  to  more  responsible  positions.  Evaluates  personnel  as  to  the 
need  for  development  and  training.  Schedules  classes,  training,  and  meetings  to 
improve  or  maintain  proficiency  of  the  maintenance  staff. 

Reviews  time  and  attendance  records. 

Reviews  the  work  and  productivity  of  personnel,  giving  counsel  and  in¬ 
struction  in  both  administrative  and  technical  work  matters.  Evaluates  employee 
performance.  Works  with  union  stewards  to  resolve  problems.  Participates  in 
the  review  of  complaints  concerning  maintenance  personnel.  Participates  in  the 
resolution  of  complaints.  Recommends  reprimands  or  suspensions,  as  appropri¬ 
ate. 


Prepares  weekly,  monthly,  and  yearly  reports  of  maintenance  activities, 
summarizing  plant  and  personnel  performance,  identifying  areas  where  im¬ 
provements  are  needed,  and  recommending  improvements.  Prepares  reports  as 
directed  by  the  Operations  and  Maintenance  Manager. 

Assists  in  the  administration  of  the  plant  safety  program,  enforces  safety 
rules  and  practices,  and  develops  safe  working  practices. 

Is  qualified  to  perform  first  aid  in  the  event  of  injuries  to  employees  and  has 
a  working  knowledge  of  fire  protection  and  the  capabilities  of  equipment. 
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Supports  Equal  Emplo5Tnent  Opportunity  progranx  to  ensure  the  hiring  and 
development  of  qualified  minorities,  women,  handicapped  individuals,  disabled 
veterans,  and  veterans  of  the  Vietnam  era. 

Supports  management  programs  such  as  charity  and  bond  campaigns. 

Provides  supervision  of  maintenance  personnel  and  participates  in  the  start¬ 
up  and  testing  on  equipment  and  systems  of  the  NHRP  during  the  time  of  con¬ 
struction. 

Performs  other  duties  as  assigned. 


Physical  Effort 

Work  involves  significant  walking,  standing,  bending,  stooping,  crawling, 
climbing  of  ladders,  use  of  tools,  and  lifting  of  heavy  items  to  inspect  equipment, 
perform  repairs,  or  correct  problems. 


Working  Conditions 

The  incumbent  works  in  operating  equipment  areas  inspecting  the  steam 
generation  plant,  refrigeration  plant,  sewage  pumping  station,  steam  tunnels, 
manholes,  etc.  The  operating  areas  are  noisy,  hot  or  cold,  and  dirty,  and  they 
contain  moving  equipment  and  pressurized  piping  systems,  which  can  be  haz¬ 
ardous  if  improperly  operated.  The  plant  contains  hazardous  chemicals  that  re¬ 
quire  special  handling  procedures  and  protection.  Conditions  require  that 
appropriate  safety  gear  such  as  hard  hats,  protective  eye  wear,  and  gloves  be 
worn. 

The  incximbent  must  pass  a  physical  examination  annually  with  medical  cer¬ 
tification  of  ability  to  wear  a  negative  pressure  regulator. 
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Federal  Facilities  Division 
New  Heating  and  Refrigeration  Plant 
Utility  Systems  Repairer  Operator 
Shift  Foreman 

Introduction 

The  incumbent  is  assigned  to  rotating  shift  work  and  supervises  the  opera¬ 
tion  and  preventive  maintenance  tasks  related  to  boilers,  chillers  and  auxiliaries 
as  directed  by  the  Operations  and  Maintenance  Manager.  The  position  is  located 
in  the  New  Heating  and  Refrigeration  Plant  (NHRP).  The  plant  is  responsible  for 
the  production  of  steam  and  chiUed  water  as  well  as  the  disposal  of  sewage.  The 
plant  generates  high  pressure  steam  and  chilled  water  to  supply  the  heating  and 
cooling  needs  of  the  Pentagon,  Navy  Annex  [Federal  Office  Building  (FOB)  2], 
and  Marine  Corps  Headquarters  (Henderson  Hall).  The  Pentagon  Sewage  Pump 
Station  handles  sewage  from  the  Pentagon,  FOB  2,  and  Arlington  Nationd 
Cemetery.  The  plant  is  in  operation  on  a  continuous,  year-round  basis  and  pro¬ 
vides  services  to  personnel  and  equipment  essential  to  national  defense. 

The  incumbent  reports  to  the  General  Foreman. 

Until  the  NHRP,  which  is  currently  under  construction,  becomes  opera¬ 
tional,  the  Shift  Foreman  will  participate  in  equipment  and  system  reviews, 
training,  walkdowns,  start-up,  and  testing  to  become  fully  qualified  at  the  time 
of  turnover. 


Major  Duties 

Supervises  start-up  and  shutdown  of  equipment,  release  of  equipment  for 
maintenance  work,  switching  of  any  related  electrical  equipment,  and  tagging  of 
equipment  taken  out  of  service. 

Observes,  controls,  and  maintains  plant  operating  conditions  and  load  re¬ 
quirements  and  maintains  plant  capability  at  &e  highest  level  within  environ¬ 
mental  constraints. 

Operates  and  supervises  personnel  in  the  operation  of  the  computerized  dis¬ 
tributed  control  systems,  including  electronic  signal  processors,  andog-to-digital 
converters,  fiber  optic  transmission  links,  data  networks,  programmable  logic 
controllers,  distributed  process  controllers,  and  microprocessor-based  monitor¬ 
ing  instrumentation;  the  operation  of  local  computerized  and  analog  control 
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systems;  and  the  steps  to  be  taken  to  switch  between  computer  control  and  man¬ 
ual  operation. 

Makes  inspection  tours  during  the  assigned  shift  to  check  the  operating  con¬ 
ditions  of  plant  equipment,  gauges,  charts,  and  records,  and  to  make  certain  that 
all  equipment  is  operating  satisfactorily  and  is  loaded  efficiently  and  safely. 
Makes  changes  necessary  for  good  operation,  reporting  abnormal  conditions  and 
unusual  situations  to  the  Operations  and  Maintenance  Manager. 

Plans  shift  work  assignments,  instructs  and  trains  employees  in  job  duties, 
checks  progress  and  reviews  results,  and  provides  directions  and  instructions  to 
employees  to  maintain  maximum  efficiency  and  safety  in  operation  of  the  unit. 

Assists  in  maintaining  effective  employee  relations  in  the  plant.  Checks  that 
time  and  attendance  records  are  properly  maintained,  evaluates  employee  per¬ 
formance,  takes  appropriate  disciplinary  action,  and  works  with  union  stewards 
to  resolve  problems. 

Investigates  and  inspects  mechanical  and  electrical  equipment  in  and  out  of 
service  to  check  the  status  of  equipment  and  ensure  coordination  of  plant  activi¬ 
ties.  Determines  causes  of  unusual  or  improper  operation  and  operating  condi¬ 
tions,  determines  causes  of  equipment  failure,  and  takes  necessary  action  to 
prevent  recurrence  of  improper  operation  or  equipment  failure. 

Makes  recommendations  for  improvements  in  operations  and  safety  prac¬ 
tices. 


Skill  and  Knowledge 

The  incumbent  has  knowledge  of  principles  and  is  skilled  in  practices  of  the 
operation  of  large-scale  steam  and  refrigeration  plants.  This  is  necessary  to  un¬ 
derstand  equipment  and  system  functioning  and  the  basis  for  requirements  in 
operation  and  maintenance  procedures. 

The  incumbent  holds  a  District  of  Columbia  Class  1  Steam  Engineer  License 
or  an  equivalent  license  (such  as  a  marine  engineering  license),  or  has  a  mini¬ 
mum  of  three  years  experience  as  a  foreman  or  lead  person  in  charge  of  shift  op¬ 
erations  of  a  steam  (100,000  Ib/hr  or  greater  capacity)  and  chiller  (10,000  t/hr  or 
greater  capacity)  plant.  This  knowledge  provides  evidence  of  practical  experi¬ 
ence  in  plant  operations. 

The  incumbent  has  knowledge  of  equipment  in  the  systems  and  is  skilled  in 
the  kind  and  quality  of  materials  and  equipment  to  be  used  in  performing  vari¬ 
ous  checks,  tests,  adjustments,  and  troubleshooting  tasks  at  the  system  level  to 
determine  the  operational  performance  of  the  equipment  and  the  need  for  adjust¬ 
ment  or  repair. 
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The  incumbent  has  knowledge  of  computerized  distributed  process  control 
systems,  including  microprocessor-based  controls  and  instruments,  operator 
workstations,  and  automatic-to-manual  control  protocols,  and  of  the  function¬ 
ing  of  equipment  when  operating  the  boiler  and  chiller  control  workstations  as 
weU  as  the  managers'  workstations.  The  incumbent  recognizes  malfunctions  of 
computer  controls  and  knows  the  proper  steps  to  take  to  initiate  manual  control. 
The  NHRP  is  a  fully  automated  plant  utilizing  state-of-the-art  distributed  proc¬ 
ess  controls  and  requires  an  understanding  of  and  ability  to  use  a  computer,  soft¬ 
ware,  and  associated  devices. 

The  incumbent  has  knowledge  of  controls  of  all  plant  systems.  Using  either 
computer  or  local  or  manual  controls,  the  incumbent  is  able  to  put  each  system 
into  operation,  safely  shut  each  system  down,  and  isolate  major  components  for 
maintenance  and  repairs,  and  understands  and  can  perform  all  system  opera¬ 
tions.  This  knowledge  is  necessary  because  of  the  reduced  manning  level  for 
shift  operations,  and  considering  the  vulnerability  of  the  fully  automated  fea¬ 
tures  of  the  plant. 

The  incumbent  has  knowledge  of  the  essential  elements  of  the  Federal  Per¬ 
sonnel  Manual  (FPM)  and  Department  of  Defense  (DoD)  administrative  instruc¬ 
tions  and  policies  to  control,  support,  evaluate,  discipline,  etc.,  subordinates 
when  necessary. 

The  incumbent  is  qualified  to  perform  first  aid  in  the  event  of  injuries  to  em¬ 
ployees  and  has  a  working  knowledge  of  fire  protection  and  the  capabilities  of 
equipment. 


Responsibilities 

Carries  out  duties  assigned  by  the  Operations  and  Maintenance  Manager. 

Is  responsible  for  supervising  assigned  shift.  Plans,  assigns,  and  sets  priori¬ 
ties  for  work  to  be  accomplished  by  die  operations  and  maintenance  subordi¬ 
nates.  Assigns  work  with  Imowledge  of  the  difficulty  of  the  work  and  the  ability 
of  the  subordinate.  Checks  all  repairs  of  major  equipment  (boilers,  chillers, 
pumps,  air  compressors,  heat  exchangers  etc.,  before  start-up  of  equipment).  Re¬ 
views  the  work  and  productivity  of  shift  employees,  giving  counsel  and  instruc¬ 
tion  in  both  administrative  and  technical  work  matters. 

Ensures  that  operating  procedures  are  properly  implemented  and  that  work 
practices  follow  established  procedures.  Applies  judgment,  based  on  experience, 
to  handle  abnormal  situation.  Recognizes  emergency  situations  and  initiates  im¬ 
mediate  corrective  actions  to  prevent  or  minimize  unsafe  consequences. 

Interviews  candidates  for  assignment  to  shift  duties.  Recommends  transfer, 
promotion,  or  appointment  to  positions  in  the  NHRP,  and  recommends  the  ap¬ 
propriate  persormel  action. 
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Assists  in  the  training  and  development  of  employees  to  increase  proficiency 
in  satisfying  current  job  requirements  and  enhance  potential  to  advance  to  more 
responsible  positions.  Appraises  the  Operations  and  Maintenance  Manager  as  to 
need  for  development  and  training  of  shift  personnel.  Keeps  informed  of  classes 
and  meetings  that  subordinates  may  attend  so  that  they  may  apply  new  knowl¬ 
edge  derived  from  daily  work  assignments. 

Participates  in  the  review  of  individual  or  small  group  complaints  concern¬ 
ing  shift  operation.  More  serious,  unresolved  matters,  such  as  large  group  or  la¬ 
bor  union  complaints,  may  require  input  but  are  the  responsibility  of  NHRP 
management. 

Provides  recommendations  for  the  resolution  of  the  more  serious  discipli¬ 
nary  cases.  In  the  instance  of  minor  disciplinary  cases,  recommends  reprimands 
or  suspensions. 

Enforces  safety  rules  and  practices,  and  develops  safe  working  practices. 

In  the  absence  of  the  Operations  and  Maintenance  Manager  and  the  Plant 
Manager,  assumes  full  responsibility  for  operation  of  the  facility. 

In  the  absence  of  the  General  Foreman,  issues  maintenance  work  orders  and 
inspects /evaluates  corrective  measures.  Coordinates  plant  operational  and 
maintenance/ repair  activities  occurring  on  the  shift. 

Prepares  records  of  all  operations  and  changes  during  the  shift,  and  pre¬ 
pares  or  checks  all  daily  operating  reports. 

Inspects  minor  construction  work  and  the  maintenance  and  repair  of  all  elec¬ 
trical,  mechanical,  and  other  auxiliary  and  associated  equipment. 

Observes  and  enforces  the  efficient  and  economical  use,  care,  and  handling 
of  operating  tools  and  supplies;  observes  fuel  inventories  and  informs  the  Opera¬ 
tions  and  Maintenance  Manager  if  supplies  are  adequate  and  will  meet  con¬ 
sumption  requirements;  and  determines  if  other  supplies,  materials,  and 
equipment  are  available  to  meet  operational  requirements. 

Prepares  reports  as  directed  by  the  Operations  and  Maintenance  Manager. 

Supervises  operating  personnel  and  participates  in  the  start-up  and  testing 
of  equipment  and  systems  of  the  NHRP  during  construction. 


Physical  Effort 

Work  involves  significant  walking,  standing,  bending,  stooping,  crawling, 
climbing  of  ladders,  use  of  tools,  and  lifting  of  heavy  items  to  inspect  equip¬ 
ment,  perform  repairs,  or  correct  problems. 
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Working  Conditions 

The  inctunbent  works  in  operating  equipment  areas  inspecting  the  steam 
generation  plant,  refrigeration  plant,  sewage  pumping  station,  steam  tunnels, 
manholes,  etc.  The  operating  areas  are  noisy,  hot  or  cold,  and  dirty,  and  they 
contain  moving  equipment  and  pressurized  piping  systems,  which  can  be  haz¬ 
ardous  if  improperly  operated.  The  plant  contains  hazardous  chemicals  that  re¬ 
quire  special  handling  procedures  and  protection.  Conditions  require  that 
appropriate  safety  gear  such  as  hard  hats,  protective  eye  wear,  and  gloves  be 
worn. 

The  incumbent  must  pass  a  physical  examination  annually  with  medical  cer¬ 
tification  of  ability  to  wear  a  negative  pressure  regulator. 
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Federal  Facilities  Division 
Pentagon  New  Heating  and 
Refrigeration  Plant 
Computer  Systems  Specialist 

Introduction 

The  incumbent  is  responsible  for  the  maintenance  of  computer  software  and 
hardware  for  systems  and  plant  controls,  and  for  data  acquisition  and  logging 
for  the  Pentagon  New  Heating  and  Refrigeration  Plant  (NHRP).  The  plant  is  re¬ 
sponsible  for  the  production  of  steam  and  chilled  water  as  well  as  the  disposal  of 
sewage.  The  plant  generates  high  pressure  steam  and  chilled  water  to  supply  the 
heating  and  cooling  needs  of  the  Pentagon,  FOB-2  and  Henderson  Hall  Marine 
Barracl^.  The  Pentagon  Sewage  Pump  Station  handles  sewage  from  the  Penta¬ 
gon,  FOB-2  Complex  and  the  Arlington  National  Cemetery.  The  plant  is  in  op¬ 
eration  on  a  continuous,  year-roimd  basis  and  provides  services  to  personnel  and 
equipment  essential  to  national  defense. 

The  incumbent  reports  to  the  Operations  and  Maintenance  Manager. 

Until  the  NHRP,  which  is  currently  under  construction,  becomes  opera¬ 
tional,  the  Computer  Systems  Specialist  will  participate  in  equipment  and  system 
reviews,  training,  walkdowns,  startup  and  testing  to  become  fully  qualified  at 
the  time  of  turnover. 

Major  Duties 

Responsibilities 

Responsible  for  the  maintenance  and  modification  of  the  computer  pro¬ 
grams  used  for  central  control  of  plant  equipment  and  also  the  programs  used 
for  local  control  of  equipment.  Principal  equipment  controlled  and/or  moni¬ 
tored  by  the  computer  programs  includes  boilers,  chillers,  pumps,  fans,  compres¬ 
sors  and  valves. 

Responsible  for  performing  system  diagnostic  tests  to  identify  and  isolate 
sources  of  malfunctions,  either  of  a  program  logic  type,  computer  hardware  type 
or  instrument  type.  Hardware  and  software  includes  the  various  instruments 
and  devices  used  for  the  control  of  boiler  and  chiller  systems  including  smart 
combustion  gas  analyzers,  combustion  air  controls,  feedwater  system  controls, 
electronic  registers  associated  with  the  flow  monitors,  digital  process  loop  con¬ 
trollers,  programmable  conductivity  transmitters  and  programmable  bargraph 
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displays,  refrigeration  system  controls,  plant  heating,  ventilation  and  air  condi¬ 
tioning  controls,  data  loggers,  numerous  electrical,  pneumatic,  and  hydraulic 
control  systems  and  subsystems,  telephone  systems  and  plant  security  systems. 
Devices  include  microprocessor-based  flame  safety  and  boiler  signal  transmit¬ 
ters,  analog-to-digital  (pneumatic/hydraulic/  electrical  to  electronic)  transduc¬ 
ers,  valve  positioners,  ring  balance  meters,  differential  pressure  transmitters, 
pneumatic  feed  back  controllers,  oxygen  trim  controllers,  electronic  and  pneu¬ 
matic  temperature,  pressure  and  flow  measuring  and  transmitting  devices,  and 
electronic/pneumatic  graph  recorders. 


Technical  Direction 

Provides  instructions  for  the  inspection,  calibration,  maintenance  and  tvm- 
ing  of  computer-based  instriiments  and  controls.  Has  knowledge  of  the  diagno¬ 
ses,  tests  and  repairs  necessary  to  restore  malfunctioning  instruments  and 
controls.  Assists  in  the  investigation  of  major  equipment  failures  where  com¬ 
puter  programs,  instrumentation  or  controls  may  be  involved. 

Prepares  specifications  for  new  computer  hardware,  software,  and  electronic 
devices  and  instruments. 

Prepares  operating  procedures  for  using  the  central  distributed  computer  for 
plant  control.  Provides  training  for  operations  personnel. 

Prepares  maintenance  procedures  for  instruments  and  electronic  devices. 
Provides  training  for  maintenance  personnel. 


Technical  Duties 

Analyzes  various  computer  control  programs  and  plant  systems  and  speci¬ 
fies  adjustments  and  modifications  to  upgrade  these  systems  so  as  to  improve 
the  overall  reliability  and  efficiency  of  the  systems  as  a  whole.  Checl«  out 
newly  purchased  computer  hardware  and  software  to  ensure  it  functions  prop¬ 
erly  before  releasing  it  for  use.  Specifies  startup  tests  and  checks  for  newly  in¬ 
stalled  instruments  and  controls.  Modifies  working  drawings  to  reflect  changes 
made. 


General  Administration 

Qualified  to  perform  first  aid  in  the  event  of  injuries  to  employees.  Has  a 
working  knowledge  of  fire  protection  and  the  capabilities  of  equipment. 

Follows  the  plant  safety  rules  and  practices.  Incorporates  safe  working  prac¬ 
tices  into  operating  and  maintenance  procedures. 
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Supports  management  programs  such  as  charity  and  bond  campaigns. 


Interim  Duties 


Provides  assistance  to  operating  personnel  and  participates  in  the  startup 
and  testing  on  equipment  and  systems  of  the  NHRP  during  tihe  time  of  construc¬ 
tion. 


Other  Duties 


Performs  other  duties  as  assigned. 


Factor  Statements 

Factor  1  -  Knowledge  Required  by  the  Position 

Knowledge  of  digital  computer  theory  and  design.  Knowledge  of  the  fun¬ 
damentals  of  computer  programming.  Such  knowledge  is  equivalent  to  that  evi¬ 
denced  by  possession  of  a  Bachelor's  Degree  in  Computer  Science  from  an 
accredited  College  or  University.  This  knowledge  is  needed  to  understand  the 
theory  and  design  of  computer  control  systems  and  to  apply  this  understanding 
to  the  operation  and  diagnosis  of  industrial  process  controls  and  for  the  prepara¬ 
tion  of  procedures  for  use  by  operating  and  maintenance  personnel. 

Knowledge  of  the  theory  related  to  electronic,  electrical  and  pneumatic  in¬ 
strumentation  and  controls  and  digital  equipment  for  industrial  process  applica¬ 
tions.  This  knowledge  is  necessary  for  diagnosing  problems  and  for  the 
preparation  of  procedures  for  analyzing,  testing,  troubleshooting,  repairing  and 
calibrating  such  devices  and  systems. 

Knowledge  of  computer  control  systems  for  indxistrial  applications,  includ¬ 
ing  (1)  configuration  and  operation  of  computer  software  and  programming  in 
multi-tasking  operating  systems  such  as  QNX  and  disk  operating  systems;  (2) 
network  hardware  and  software  and  communication  protocols  (familiarity  with 
Bristol  Standard  Asynchronous  Protocol  (BSAP)  is  desirable);  (3)  fiber  optic  data 
highways  (familiarity  with  Arcnet  is  desirable);  (4)  communication  hardware,  in¬ 
cluding  serial  and  parallel  communication  RS-232  and  RS-485  connectors,  and 
electronic  and  fiber  optic  modems;  (5)  Programmable  Logic  Controllers  (PLCs) 
and  Distributed  Process  Controllers  (DPCs),  and  knowledge  of  ladder  logic  and 
how  to  reprogram  ladder  logic  (familiarity  with  Bristol  Babcock  ACCOL  pro¬ 
gramming  language  is  desirable);  (6)  486  PC  workstations  and  uninterruptible 
power  supplies;  and  (7)  microprocessor-based  monitoring  instrumentation  in¬ 
cluding  intelligent  digital  pressure,  temperature,  and  level  transmitters,  elec¬ 
tronic  registers  associated  with  flow  monitors,  digital  process  loop  controllers, 
smart  combustion  gas  analyzers,  programmable  conductivity  transmitters  and 


C-28 


programmable  bargraph  displays.  Knowledge  of  these  systems  and  instruments 
is  necessary  because  their  proper  functioning  is  essential  for  the  safe  and  efficient 
operation  of  the  NHRP. 

Working  knowledge  of  central  heating  boiler  systems  and  central  station  re¬ 
frigeration  systems  and  their  operation.  This  knowledge  is  necessary  to  under¬ 
stand  the  process  application  of  controls  and  instruments  in  performing  training 
and  diagnostic  testing  and  in  the  preparation  of  procedures. 

Ability  to  communicate  effectively  both  orally  and  in  writing.  This  ability  is 
necessary  to  present  ideas,  statements,  interpretations,  instructions,  etc.,  to  fellow 
workers,  superiors,  agency  representatives,  contractors,  and  others. 


Factor  2  -  Supervisory  Controls 

Carries  out  duties  assigned  by  the  Operations  and  Maintenance  Manager. 
Responds  to  requests  made  by  shift  personnel  for  technical  assistance  m  the  op¬ 
eration  or  repair  of  computer-based  systems  and  especially  the  Distributed  Con¬ 
trol  System.  Responsible  for  establishing  the  schedule,  extent  and  frequency  of 
diagnostic  testing  of  computer  systems  and  for  directing  the  implementation  of 
the  testing  program.  Performs  checks  to  ensure  the  control  systems  are  function¬ 
ing  properly  and  to  specify  steps  to  follow  for  off-design  conditions. 

Carries  out  normal  and  routine  duties  with  minimal  supervision.  Independ¬ 
ently  takes  corrective  measures  in  response  to  abnormal  occurrences  or  malfunc¬ 
tions  and  reports  such  activities  to  the  Shift  Foreman  and  Operations  and 
Maintenance  Manager. 

Provides  assistance  to  shift  personnel,  maintenance  technicians  and  equip¬ 
ment  service  representatives  in  the  proper  operation  and/or  maintenance  of 
computer-based  systems  and  associated  instruments  and  controls. 


Factor  3  -  Guidelines 

Guidelines  include  equipment  technical  instructions,  system  descriptions, 
handbooks,  and  established  practices  and  precedents  from  similar  facilities.  In 
the  absence  of  detailed  guidelines,  the  Computer  Systems  Specialist  applies  first 
principle  knowledge  and  past  experience.  Adaptations  may  be  necessary  in 
situations  where  abnormal  conditions  develop  or  in  emergencies. 

The  guides  are  frequently  not  wholly  applicable  to  the  work.  The  incumbent 
is  required  to  use  resourcefidness  and  judgement  based  on  broad  experience  to 
develop  solutions  to  the  novel  problems  encountered  in  ensuring  proper  func¬ 
tioning  of  the  control  systems. 
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Factor  4-  Complexity 

Control  of  the  NHRP  is  by  a  complex  digital  system  emplo)dng  a  variety  of 
different  mechanical,  electrical  and  electronic  equipment  which  serves  to  pro¬ 
duce  the  essential  utility  services  including  steam  for  heating,  chilled  water  for 
cooling,  and  compressed  air  for  control.  Numerous  subsystems  are  employed 
including  fuel  handling  systems,  high  and  low  voltage  electrical  systems,  con¬ 
denser  water  system  and  many  more. 

The  Computer  Systems  Specialist  routinely  performs  highly  skilled  tasks  re¬ 
quiring  familiarity  with  computer  hardware  and  programs,  and  analog  and  digi¬ 
tal  devices  for  the  analysis  of  systems  fimctioning.  Identification  of  corrective 
actions  requires  a  broad  base  of  toiowledge  and  experience  in  xmderstanding  the 
interfaces  between  electro-mechanical  systems  and  digital  controls.  The  Com¬ 
puter  Systems  Specialist  will  be  called  upon  to  diagnose  malfunctions  and  to  re¬ 
store  controls  requiring  novel,  unplanned  approaches  and  skills  derived  from 
experience  with  a  variety  of  problems.  The  Computer  Systems  Specialist  is  un¬ 
der  the  direction  of  the  Operations  and  Maintenance  Manager  but  has  the  re¬ 
sponsibility  to  take  independent  action  in  performing  tasks  to  ensure  the  safety 
of  plant  personnel  and  proper  functioning  of  equipment  control  systems. 


Factor  5  -  Scope  and  Effect 

Reliable  utility  services  (steam,  chilled  water,  compressed  air  and  sewage  re¬ 
moval)  create  an  environment  where  the  essential  personnel  and  critical  equip¬ 
ment  of  the  DoD  can  perform  assigned  missions.  Failure  of  utility  services  may 
jeopardize  operations  and  prevent  building  occupants  from  performing  assigned 
missions.  The  plant  supports  the  Pentagon,  Navy  Annex,  and  other  area  build¬ 
ings. 

The  Computer  System  Specialist's  primary  function  is  to  ensure  that  the 
plant  computer-based  control  systems  operate  properly  for  the  safe  and  efficient 
operation  of  NHRP  systems  to  maintain  utility  service  to  the  Pentagon  and  other 
buildings. 


Factor  6  -  Personal  Contacts 

Contacts  are  required  with  the  Shift  Foremen,  USRO  General  Foremen,  Plant 
Manager,  Shift  Personnel  and  other  employees  who  perform  the  day-to-day  op¬ 
erations  and  repairs.  Contacts  are  required  with  contractors  and  equipment 
manufacturers. 
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Factor  7  -  Purpose  of  Contacts 

Contacts  with  Plant  Management  and  the  Shift  Foremen  are  made  to  receive 
situation  and  status  reports  and  instructions,  and  to  provide  direction  for  the 
resolution  of  problems,  or  to  provide  training,  etc. 

Contacts  with  other  NHRP  personnel  are  to  provide  direction  and  to  obtain 
information  concerning  the  operation  and  maintenance  of  equipment,  instru¬ 
ments  and  systems. 

Contacts  with  contractors  and  equipment  manufacturers  are  to  provide  di¬ 
rection,  obtain  information,  receive  training,  ensure  plant  procedures  are  fol¬ 
lowed,  and  when  assigned  in  a  quality  control  role,  ensure  work  meets  contract 
document  requirements. 


Factor  7  -  Physical  Demands 

Work  is  at  the  control  stations  at  computer  terminals  and  also  in  operating 
areas,  which  involves  significant  walking,  standing,  bending,  stooping,  crawling, 
and  climbing  of  ladders  to  review  equipment,  repairs,  and  problems. 


Factor  9  -  Work  Environment 

The  work  environment  includes  offices,  control  room,  switchgear  rooms  and 
operating  equipment  areas  including  the  steam  generation  plant,  refrigeration 
plant,  sewage  pumping  station,  steam  tunnels,  manholes,  etc.  The  operating  ar¬ 
eas  are  noisy,  hot  or  cold,  dusty  and  dirty  and  contain  moving  parts,  high  volt¬ 
age  eqmpment  and  pressurized  piping  systems,  all  of  which  can  be  hazardous  if 
improperly  operated.  The  plant  contains  hazardous  chemicals  which  require 
special  handling  procedures  and  protection.  Conditions  require  that  appropriate 
safety  gear  such  as  hard  hats,  protective  eye  wear  and  gloves  be  worn. 

Incumbent  must  pass  physical  examination  annually  with  medical  certifica¬ 
tion  of  ability  to  wear  a  negative  pressure  regulator. 
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Federal  Facilities  Division 
New  Heating  and  Refrigeration  Plant 
Utility  Systems  Repairer  Operator 
Plant  Operator 

Introduction 

The  incumbent  is  assigned  to  rotating  shift  work  and  performs  all  operating 
and  preventive  maintenance  tasks  related  to  boilers,  chillers,  and  auxiliaries  as 
directed  by  the  Shift  Foreman.  The  position  is  located  in  the  Pentagon  New 
Heating  and  Refrigeration  Plant  (NHRP).  The  plant  is  responsible  for  the  pro¬ 
duction  of  steam  and  chilled  water  as  well  as  the  disposal  of  sewage.  The  plant 
generates  high  pressure  steam  and  chilled  water  to  supply  the  heating  and  cool¬ 
ing  needs  of  the  Pentagon,  Navy  Annex  [Federal  Office  Building  (FOB)  2],  and 
Marine  Corps  Headquarters  (Henderson  Hall).  The  Pentagon  Sewage  Pump  Sta¬ 
tion  handles  sewage  from  the  Pentagon,  FOB  2,  and  Arlington  National  Ceme¬ 
tery.  The  plant  is  in  operation  on  a  continuous,  year-round  basis  and  provides 
services  to  personnel  and  equipment  essential  to  national  defense. 

Until  the  NHRP,  which  is  currently  under  construction,  becomes  opera¬ 
tional,  the  Plant  Operator  will  participate  in  equipment  and  system  reviews, 
training,  walkdowns,  start-up,  and  testing  to  become  fully  qualified  at  the  time 
of  turnover. 


Major  Duties 

Operates  all  boilers,  chillers,  and  emergency  power  equipment,  including  all 
pumps,  fans,  diesel  generators,  and  auxiliary  plant  equipment;  operates,  starts, 
and  shuts  down  equipment,  as  directed  by  the  Shift  Foreman  and  as  required  for 
proper  operation,  using  computer  controls  in  the  control  room,  local  digital  con¬ 
trols  in  the  equipment  rooms,  or  fully  manual  controls  on  or  near  the  equipment. 
Operates  the  computer  system  to  observe  equipment  readings  and  systems  pa¬ 
rameters.  Recognizes  abnormal  conditions  and  situations  from  computer 
screens,  alarms,  and  printouts;  knows  procedures  to  follow  to  restore  the  sys¬ 
tems  to  a  safe  condition.  Typical  major  systems  that  must  be  operated  vmder 
normal  and  emergency  operating  conditions  include  steam,  condensate,  boiler, 
feedwater,  condenser  water,  multiple  fuel  systems,  ion  exchange  softeners,  com¬ 
pressed  air,  chemical  feed,  and  soot  blowing.  Performs  preventive  maintenance 
on  the  same  systems  without  supervision.  When  necessary,  observes  and  re¬ 
cords  readings  of  indicating  instruments. 
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Makes  inspection  tours  during  the  assigned  shift  to  check  the  operating  con¬ 
ditions  of  plant  equipment,  gauges,  charts,  and  records,  and  to  make  certain  that 
all  equipment  is  operating  satisfactorily  and  is  loaded  efficiently  and  safely. 
Makes  changes  necessary  for  good  operation,  reporting  abnormal  conditions  and 
imusual  situations  to  the  Shift  Foreman. 

Inspects  mechanical  and  electrical  equipment  in  and  out  of  service  to  check 
the  status  of  equipment.  Determines  causes  of  xmusual  or  improper  operation 
and  operating  conditions,  determines  causes  of  equipment  failure,  and  recom¬ 
mends  actions  to  prevent  recurrence  of  improper  operation  or  equipment  failure. 

Makes  recommendations  for  improvements  in  operations  and  safety  prac¬ 
tices. 

Prepares,  places,  or  removes  safety  tags  in  accordance  with  established  pro¬ 
cedures,  taking  proper  precautions  and  using  safety  equipment  to  ensure  the 
safety  of  plant  personnel  and  equipment. 

Maintains  proper  chemistry  of  boiler  and  chiller  water  in  accordance  with 
operating  instructions. 


Skill  and  Knowledge 

The  incumbent  is  skilled  in  and  knowledgeable  of  the  theory  of  operation  of 
heating,  air  conditioning,  water,  steam,  condensate,  refrigeration,  fuel  oil,  and 
soot  blowing  systems.  This  knowledge  is  necessary  to  safely  start,  stop,  and 
regulate  the  systems  for  optimum  efficiency  and  to  troubleshoot  operational 
problems. 

The  incumbent  holds  a  District  of  Columbia  Class  1  Steam  Engineer  License 
or  an  equivalent  license  (such  as  a  marine  engineering  license),  or  has  a  mini¬ 
mum  of  five  years  experience  in  the  operation  of  a  steam  and  chiller  plant,  three 
years  of  which  were  as  an  operator  performing  start-up  and  shutdown  of  major 
and  auxiliary  equipment  without  direct  supervision.  This  provides  evidence  of 
practical  experience  in  plant  operations 

The  incumbent  is  skilled  in  the  kind  and  quality  of  materials  and  equipment 
to  be  used  in  performing  various  checks,  tests,  adjustments,  and  troubleshooting 
tasks  at  the  system  level  to  determine  the  operational  performance  of  the  equip¬ 
ment  and  the  need  for  adjustment  or  repair. 

The  incumbent  has  knowledge  of  computerized  distributed  process  control 
systems,  including  microprocessor-based  controls  and  instruments,  operator 
workstations,  and  automatic-to-manual  control  protocols,  and  of  the  functioning 
of  equipment  when  operating  the  boiler  and  chiller  control  workstations  as  well 
as  the  managers'  workstations.  The  incvunbent  recognizes  malfunctions  of  com¬ 
puter  controls  and  knows  the  proper  steps  to  take  to  initiate  manual  control.  The 
NHRP  is  a  fully  automated  plant  utilizing  state-of-the-art  distributed  process 
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controls  and  requires  an  understanding  of  and  ability  to  use  a  computer,  soft¬ 
ware  and  associated  devices,  including  programmable  logic  controllers,  distrib¬ 
uted  process  controllers,  microprocessor-based  monitoring  instrumentation,  and 
other  related  electronic  devices,  in  addition  to  the  instruments  and  controls  typi¬ 
cally  used  in  the  operation  of  power  plant  equipment. 

The  incumbent  has  knowledge  of  controls  of  all  plant  systems.  Using  either 
computer  or  local  or  manual  controls,  the  incumbent  is  able  to  put  each  system 
into  operation,  safely  shut  each  system  down,  and  isolate  major  components  for 
maintenance  and  repairs.  The  incumbent  understands  and  can  performing  com¬ 
plex  system  operations  such  as  charging  refrigeration  systems  without  supervi¬ 
sion.  This  knowledge  is  necessary  because  of  the  reduced  manning  level  for  shift 
operations,  and  considering  the  vulnerability  of  the  fully  automated  features  of 
the  plant. 

The  incumbent  is  qualified  to  perform  emergency  first  aid  in  the  event  of  in¬ 
juries  to  self  or  other  employees  and  has  a  working  Imowledge  of  fire  protection 
and  the  capabilities  of  fire  fighting  equipment. 


Responsibilities 

Carries  out  duties  assigned  by  the  Shift  Foreman.  Is  responsible  for  taking 
the  proper  steps  in  the  operation  of  equipment.  Checks  all  repairs  of  major 
equipment  (boilers,  chillers,  pumps,  air  compressors,  heat  exchangers,  etc.)  be¬ 
fore  start-up  of  the  equipment. 

Carries  out  normal  and  routine  duties  with  minimal  supervision.  Independ¬ 
ently  takes  corrective  measures  in  response  to  abnormal  occturences  or  malfunc¬ 
tions  and  reports  such  activities  to  the  Shift  Foreman  as  soon  as  practical. 

Properly  implements  operating  procedures  following  established  work  prac¬ 
tices.  Applies  judgment,  based  on  experience,  to  handle  abnormal  situations. 
Recognizes  emergency  situations  and  initiates  immediate  corrective  actions  to 
prevent  or  minimize  unsafe  consequences. 

Under  direct  or  general  supervision,  regularly  and  customarily  assumes  full 
responsibilities  for  complete  remote  operation  of  the  plant  from  a  central  control 
room. 

Takes  responsibility,  when  assigned,  for  supervising  a  crew  in  completing 
repairs,  including  assigning  work,  issuing  maintenance  instructions,  requisition¬ 
ing  materials  and  tools,  and  inspecting  the  job. 

Follows  the  plant  safety  rules  and  practices,  and  develops  safe  working 
practices. 

Maintains  work  area  and  equipment  in  a  clean,  orderly  condition. 
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Follows  the  plant  procedures  and  good  practices  for  the  efficient  and  eco¬ 
nomical  use,  care,  and  handling  of  operating  tools,  and  supplies. 


Physical  Effort 

Work  involves  significant  walking,  standing,  bending,  stooping,  crawling, 
climbing  of  ladders,  use  of  tools,  and  lifting  of  heavy  items  to  inspect  equipment, 
perform  repairs,  or  correct  problems. 


Working  Conditions 

The  incumbent  works  in  operating  equipment  areas  inspecting  the  steam 
generation  plant,  refrigeration  plant,  sewage  pumping  station,  steam  tunnels, 
manholes,  etc.  The  operating  areas  are  noisy,  hot  or  cold,  and  dirty,  and  they 
contain  moving  equipment  and  pressxorized  piping  systems,  which  can  be  haz¬ 
ardous  if  improperly  operated.  The  plant  contains  hazardous  chemicals  that  re¬ 
quire  special  handling  procedures  and  protection.  Conditions  require  that 
appropriate  safety  gear  such  as  hard  hats,  protective  eye  wear,  and  gloves  be 
worn. 

The  incumbent  must  pass  a  physical  examination  annually  with  medical  cer¬ 
tification  of  ability  to  wear  a  negative  pressure  regulator. 


Federal  Facilities  Division 
New  Heating  and  Refrigeration  Plant 
Utility  Systems  Repairer  Operator 
Repair  Mechanic 

Introduction 

The  incumbent  is  assigned  to  rotating  shift  work  and  performs  all  operating 
and  maintenance  tasks  related  to  boilers,  chillers,  and  avo^aries  as  directed  by 
the  General  Foreman  or  Shift  Foreman.  The  incumbent  shall  be  qualified  to  op¬ 
erate  plant  equipment  using  computer  controls. 

The  position  is  located  in  the  New  Heating  and  Refirigeration  Plant  (NHRP). 
The  plant  is  responsible  for  the  production  of  steam  and  chilled  water  as  well  as 
the  disposal  of  sewage.  The  plant  generates  high  pressure  steam  and  chilled  wa¬ 
ter  to  supply  the  heating  and  cooling  needs  of  the  Pentagon,  Navy  Annex  [Fed¬ 
eral  Office  Building  (FOB)  2],  and  Marine  Corps  Headquarters  (Henderson  Hall). 
The  Pentagon  Sewage  Pump  Station  handles  sewage  from  the  Pentagon,  FOB  2, 
and  Arlington  National  Cemetery.  The  plant  is  in  operation  on  a  continuous, 
year-round  basis  and  provides  services  to  personnel  and  equipment  essential  to 
national  defense. 

Until  the  NHRP,  which  is  currently  imder  construction,  becomes  opera¬ 
tional,  the  Repair  Mechanic  will  participate  in  equipment  and  system  reviews, 
training,  walkdowns,  start-up,  and  testing  to  become  fully  qualified  at  the  time 
of  turnover. 


Major  Duties 

Performs  corrective  and  preventive  maintenance  on  boilers,  chillers,  and 
emergency  power  equipment.  Maintains,  tests,  troubleshoots,  and  repairs  me¬ 
chanical  equipment  including  boiler  tubes  and  drums,  burners,  flame  safety 
equipment,  chemical  feed  devices,  valves,  gauges,  pumps,  fans,  sluice  gates, 
traveling  screens,  heat  exchangers,  air  compressors,  fuel  oil  tanks,  chiller  com¬ 
pressors,  sewage  communicator,  diesel  engines,  and  auxiliary  plant  equipment. 

Removes  and  reinstalls  components  using  established  rigging  practices. 

Operates,  starts,  and  shuts  down  equipment,  as  directed  by  the  Shift  Fore¬ 
man  and  as  required  for  proper  operation,  using  computer  controls  in  the  control 
room,  local  digital  controls  in  the  equipment  rooms,  or  fully  manual  controls  on 
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or  near  the  equipment.  Operates  the  computer  system  to  observe  equipment 
readings  and  systems  parameters.  Recognizes  abnormal  conditions  and  situa¬ 
tions  from  computer  screens,  alarms,  and  printouts;  knows  procedures  to  follow 
to  restore  the  systems  to  a  safe  condition.  Typical  major  systems  that  must  be 
operated  under  normal  and  emergency  operating  conditions  include  steam,  con¬ 
densate,  boiler,  feedwater,  condenser  water,  multiple  fuel  systems,  ion  exchange 
softeners,  compressed  air,  chemical  feed,  and  soot  blowings.  When  necessary, 
observes  and  records  readings  of  indicating  instruments. 

Makes  inspection  tours  during  the  assigned  shift  to  check  the  operating  con¬ 
ditions  of  plant  equipment,  gauges,  charts,  and  records,  and  to  make  certain  that 
all  equipment  is  operating  satisfactorily  and  is  loaded  efficiently  and  safely. 
Makes  changes  necessary  for  good  operation,  reporting  abnormal  conditions  and 
unusual  situations  to  the  Shift  Foreman. 

Inspects  mechanical  and  electrical  equipment  in  and  out  of  service  to  check 
the  status  of  equipment.  Determines  causes  of  unusual  or  improper  operation 
and  operating  conditions,  determines  causes  of  equipment  failure,  cind  recom¬ 
mends  actions  to  prevent  recurrence  of  improper  operation  or  equipment  failure. 

Makes  recommendations  for  improvements  in  operations  and  safety  prac¬ 
tices. 

Prepares,  places,  or  removes  safety  tags  in  accordance  with  established  pro¬ 
cedures,  taking  proper  precautions  and  using  safety  equipment  to  ensure  the 
safety  of  plant  personnel  and  equipment. 


Skill  and  Knowledge 

The  incumbent  is  skilled  in  and  knowledgeable  of  the  maintenance  and  op¬ 
eration  of  boilers,  chillers,  circulating  water  systems,  compressed  air  systems, 
heating,  air  conditioning,  steam  distribution  and  condensate  rehim  systems,  and 
fuel  oil  systems,  as  well  as  skilled  at  reading  system  flow  diagrams  and  equip¬ 
ment  maintenance  drawings  and  instructions.  Evidence  of  a  minimrim  of  three 
years  experience  as  a  millwright  or  lead  repair  mechanic  in  a  steam  generation 
and  chiller  plant  is  required. 

The  incumbent  holds  a  District  of  Columbia  Class  3  Steam  Engineer  License 
or  an  equivalent  license  (such  as  a  marine  engineering  license),  or  has  a  mini¬ 
mum  of  three  years  experience  in  the  operation  of  a  steam  and  chiller  plant,  one 
year  of  which  included  start-up  and  shutdown  of  major  and  auxiliary  equipment 
without  direct  supervision.  This  provides  evidence  of  practical  experience  in 
plant  operations. 

The  incumbent  is  skilled  in  the  kind  and  quality  of  materials  and  equipment 
to  be  used  in  performing  various  checks,  tests,  adjustments,  and  troubleshooting 
tasks  at  the  system  level  to  determine  the  operational  performance  of  the  equip¬ 
ment  and  the  need  for  adjustment  or  repair. 
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The  incumbent  has  knowledge  of  computerized  process  control  systems,  in¬ 
cluding  micro-processor  based  controls  and  instruments,  operator  workstations, 
and  automatic-to-manual  control  procedmes. 

The  incumbent  has  knowledge  of  controls  of  all  plant  systems.  Using  either 
computer  or  local  or  manual  controls,  the  incumbent  is  able  to  put  each  system 
into  operation,  safely  shut  each  system  down,  and  isolate  major  components  for 
maintenance  and  repairs.  This  knowledge  is  necessary  because  of  the  reduced 
manning  level  for  shift  operations,  and  considering  the  vulnerability  of  the  fully 
automated  features  of  the  plant. 

The  incxunbent  is  qualified  to  perform  emergency  first  aid  in  the  event  of  in¬ 
juries  to  self  or  other  employees  and  has  a  working  knowledge  of  fire  protection 
and  the  capabilities  of  fire  fighting  equipment. 


Responsibilities 

Carries  out  duties  assigned  by  the  General  Foreman  or  the  Shift  Foreman. 
Responsible  for  performing  mechanical  preventive  and  corrective  maintenance 
work,  taking  service  calls,  and  performing  repairs  or  minor  new  construction. 
Checks  all  repairs  of  mechanical  equipment  before  start-up  of  the  equipment. 

Carries  out  normal  and  routine  duties  with  minimal  supervision.  Independ¬ 
ently  takes  corrective  measures  in  response  to  abnormal  occurrences  or  malfunc¬ 
tions  and  reports  such  activities  to  the  Shift  Foreman  as  soon  as  practical. 

Properly  implements  operating  and  maintenance  procedures  following  es¬ 
tablished  work  practices.  Applies  judgment,  based  on  experience,  to  handle  ab¬ 
normal  situations.  Recognizes  emergency  situations  and  initiates  immediate 
corrective  actions  to  prevent  or  minimize  unsafe  consequences. 

Takes  responsibility,  when  assigned,  for  supervising  a  crew  in  completing 
repairs,  including  assigning  work,  issuing  maintenance  instructions,  requisition¬ 
ing  materials  and  tools,  and  inspecting  the  job. 

Follows  the  plant  safety  rules  and  practices,  and  develops  safe  working 
practices. 

Maintains  work  area  and  equipment  in  a  clean,  orderly  condition. 

Follows  the  plant  procedures  and  good  practices  for  the  efficient  and  eco¬ 
nomical  use,  care,  and  handling  of  operating  tools  and  supplies. 


Physical  Effort 


Work  involves  significant  walking,  standing,  bending,  stooping,  crawling, 
climbing  of  ladders,  use  of  tools,  and  lifting  of  heavy  items  to  inspect  eqiripment, 
perform  repairs,  or  correct  problems. 


Working  Conditions 

The  incumbent  works  in  operating  equipment  areas  inspecting  the  steam 
generation  plant,  refrigeration  plant,  sewage  pumping  station,  steam  tunnels, 
manholes,  etc.  The  operating  areas  are  noisy,  hot  or  cold,  and  dirty,  and  they 
contain  moving  equipment  and  pressurized  piping  systems,  which  can  be  haz¬ 
ardous  if  improperly  operated.  The  plant  contains  hazardous  chemicals  that  re¬ 
quire  special  handling  procedures  and  protection.  Conditions  require  that 
appropriate  safety  gear  such  as  hard  hats,  protective  eye  wear,  and  gloves  be 
worn. 

The  incumbent  must  pass  a  physical  examination  annually  with  medical  cer¬ 
tification  of  ability  to  wear  a  negative  pressure  regulator. 
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Federal  Facilities  Division 

New  Heating  and  Refrigeration  Plant 

Distribution  Facilities  Electrician 


Introduction 

The  incumbent  is  assigned  to  rotating  shift  work  and  performs  all  operating 
and  maintenance  tasks  related  to  electrical  equipment  as  directed  by  the  General 
Foreman  or  Shift  Foreman.  The  incumbent  shall  be  qualified  to  operate  plant 
equipment  using  computer  controls.  The  incumbent  will  be  called  upon  to  re¬ 
pair  instruments  and  controls  if  the  regularly  assigned  instrumentation/controls 
mechanic  is  not  available. 

The  position  is  located  in  the  Pentagon  New  Heating  and  Refrigeration  Plant 
(NHRP).  The  plant  is  responsible  for  the  production  of  steam  and  chilled  water 
as  well  as  the  disposal  of  sewage.  The  plant  generates  high  pressure  steam  and 
chilled  water  to  supply  the  heating  and  cooling  needs  of  the  Pentagon,  Navy  An¬ 
nex  [Federal  Office  Building  (FOB)  2],  and  Marine  Corps  Headquarters  (Hender¬ 
son  Hall).  The  Pentagon  Sewage  Pump  Station  handles  sewage  from  the 
Pentagon,  FOB  2,  and  Arlington  National  Cemetery.  The  plant  is  in  operation  on 
a  continuous,  year-round  basis  and  provides  services  to  personnel  and  equip¬ 
ment  essential  to  national  defense. 

Until  the  NHRP,  which  is  currently  under  construction,  becomes  opera¬ 
tional,  the  Electrician  will  participate  in  equipment  and  system  reviews,  training, 
walkdowns,  start-up,  and  testing  to  become  fuUy  qualified  at  the  time  of  turn¬ 
over. 


Major  Duties 

operates  and  maintains  aU  switchgear,  feeder  and  distribution  lines,  trans¬ 
formers,  distribution  panels,  circuit  breakers,  motor  control  centers,  motors  and 
emergency  diesel  generators.  Maintains,  tests,  troubleshoots,  and  repairs  electri¬ 
cal  equipment,  including  power  cabling,  lighting  systems  and  components, 
chiller  and  air  conditioning  electrical  components,  motor  operators,  solenoids, 
public  address  systems,  electric  overhead  cranes,  intrusion  detection  systems, 
electronic  entry  control  systems,  fire  detection  and  alarm  systems,  station  batter¬ 
ies  and  in-plant  telephone  systems. 

Installs  electrical  wiring,  switches,  and  outlet  boxes.  Tests  electrical 
additions  /  modifications. 
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Operates,  starts,  and  shuts  down  equipment,  as  directed  by  the  Shift  Fore¬ 
man  and  as  reqmred  for  proper  operation,  using  computer  controls  in  the  control 
room,  locd  digital  controls  in  the  equipment  rooms,  or  fully  manual  controls  on 
or  near  the  equipment.  Operates  the  computer  system  to  observe  equipment 
readings  and  systems  parameters.  Recognizes  abnormal  conditions  and  situa¬ 
tions  from  computer  screens,  alarms,  and  printouts;  knows  procedures  to  follow 
to  restore  the  systems  to  a  safe  condition.  Typical  major  systems  that  must  be 
operated  under  normal  and  emergency  operating  conditions  include  steam  con- 
demate,  boiler,  feedwater,  condenser  water,  multiple  fuel  systems,  ion  exchange 
softeners,  compressed  ah,  chemical  feed,  and  soot  blowing.  When  necessary,  ob- 
serves  and  records  readings  of  indicating  instruments. 

Makes  inspection  tours  during  the  assigned  shift  to  check  the  operating  con¬ 
ditions  of  plant  mechanical  and  electrical  equipment,  including  meters,  gauges 
arts,  ^d  records,  and  to  make  certain  that  all  equipment  is  operating  satisfac¬ 
torily.  Reports  abnormal  conditions  and  unusual  situations  to  the  Shift  Foreman. 

Inspects,  calibrates,  and  performs  maintenance  on  instruments  and  controls, 
lagnoses,  tests,  and  repairs  malfunctioning  instruments  and  controls,  on-site  or 
m  the  workshop. 

Inspects  mechanical  and  electrical  equipment  in  and  out  of  service  to  check 
the  status  of  equipment.  Determines  causes  of  unusual  or  improper  operation 
and  operating  conditions  of  electrical  equipment,  determines  causes  of  equip¬ 
ment  failure,  and  recommends  actions  to  prevent  recurrence  of  improper  opera¬ 
tion  or  equipment  failure.  ^ 

tices^^**^^^  recommendations  for  improvements  in  operations  and  safety  prac- 

Prepares,  places,  or  removes  safety  tags  in  accordance  with  established  pro¬ 
cedures  t^g  proper  precautions  and  using  safety  equipment  to  ensure  the 
safety  of  plant  personnel  and  equipment. 


Skill  and  Knowledge 

The  incumbent  is  skilled  in  and  knowledgeable  of  the  theory  of  operation  of 
electacal  equipment,  including  switchgear,  transformers,  controls,  relays,  circuit 
breakers,  fuses,  motors,  and  generators  necessary  to  operate  and  maintain  the 
equipment  and  to  troubleshoot  operational  problems.  The  incumbent  is  skilled 
at  reading  wiring  diagrams.  Evidence  of  a  minimum  of  three  years  experience  as 
a  journeyman  electrician  is  required.  ^ 

TLe  incumbent  is  famiUar  with  the  National  Electrical  Code  and  can  inter¬ 
pret  the  code  to  determine  proper  wire  size,  types  of  enclosures,  and  insulating 
values  of  commonly  used  materials.  ° 
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The  incumbent  holds  a  District  of  Columbia  Class  3  Steam  Engineer  lice^ 
or  an  equivalent  license  (such  as  a  marine  engineering  license)  or  has  a  mmi- 
miun  of  three  years  experience  in  the  operation  of  a  steam  and  cMler  plant,  one 
year  of  which  included  start-up  and  shutdown  of  major  and  auxiliary  eqmpment 
without  direct  supervision.  This  provides  evidence  of  practical  experience  m 

plant  operations. 

The  incumbent  is  skilled  in  the  kind  and  quality  of  materials  and  eqmpment 
to  be  used  in  performing  various  checks,  tests,  adjustments,  and  troubleshooting 
tasks  at  the  system  level  to  determine  the  operational  performance  of  the  eqmp¬ 
ment  and  the  need  for  adjustment  or  repair. 

The  incumbent  has  knowledge  of  computerized  process  control  systems,  in¬ 
cluding  microprocessor-based  controls  and  instruments,  operator  workstations, 
and  automatic-to-manual  control  procedures. 


The  incumbent  has  knowledge  of  controls  of  all  plant  systems.  Using  either 
computer  or  local  or  manual  controls,  the  incumbent  is  able  to  put  each  system 
into  operation,  safely  shut  each  system  down,  and  isolate  major  componeiits  for 
maintenance  and  repairs.  This  knowledge  is  necessary  because  of  the  reduced 
manning  level  for  shift  operations,  and  considering  the  vulnerabiUty  of  the  fuUy 
automated  features  of  the  plant. 


The  incumbent  is  skilled  in  the  use  of  analog  and  digital  equipment  an^f 
special  instruments  and  tools  for  caUbrating  and  testing  sensitive  devices.  The 
incumbent  will  be  called  upon  to  repair/restore  controls  and  imtruments  m 
situations  when  instrumentation/controls  mechanics  are  not  available. 


The  incumbent  is  qualified  to  perform  emergency  first  aid  in  the  event  o  m- 
juries  to  self  or  other  employees  and  has  a  working  knowledge  of  fire  protection 
and  the  capabilities  of  fire  fighting  equipment. 


Responsibilities 

Carries  out  duties  assigned  by  the  General  Foreman  or  the  Shift  Foreman.  Is 
responsible  for  performing  electrical  preventive  and  corrective  maintenance 
work,  taking  service  calls,  and  performing  repairs  or  minor  new  construction. 
Checks  all  repairs  of  electrical  equipment  before  start-up  of  the  eqmpment. 

Carries  out  normal  and  routine  duties  with  minimal  supervision.  Independ¬ 
ently  takes  corrective  measures  in  response  to  abnormal  occurrences  or  malfunc¬ 
tions  and  reports  such  activities  to  the  Shift  Foreman  as  soon  as  practical. 

Properly  implements  operating  and  maintenance  procedures  following  es¬ 
tablished  work  practices.  Applies  judgment,  based  on  experience,  to  handle  a  - 
normal  situations.  Recognizes  emergency  situations  and  initiates  immediate 
corrective  actions  to  prevent  or  minimize  unsafe  consequences. 


C-42 


Takes  responsibility,  when  assigned,  for  supervising  a  crew  in  completing 
repairs,  including  assigning  work,  issuing  maintenance  instructions,  requisition¬ 
ing  materials  and  tools,  and  inspecting  the  job. 

Follows  the  plant  safety  rules  and  practices,  and  develops  safe  working 
practices. 

Maintains  work  area  and  equipment  in  a  clean,  orderly  condition. 

Follows  the  plant  procedures  and  good  practices  for  the  efficient  and  eco¬ 
nomical  use,  care,  and  handling  of  operating  tools,  and  supplies. 


Physical  Effort 

Work  involves  significant  walking,  standing,  bending,  stooping,  crawling, 
climbing  of  ladders,  use  of  tools,  and  lifting  of  heavy  items  to  inspect  equipment, 
perform  repairs,  or  correct  problems. 


Working  Conditions 

The  incumbent  works  in  operating  equipment  areas  inspecting  the  steam 
generation  plant,  refrigeration  plant,  sewage  pumping  station,  steam  tunnels, 
manholes,  etc.  The  operating  areas  are  noisy,  hot  or  cold,  and  dirty,  and  they 
contain  moving  equipment  and  pressurized  piping  systems,  which  can  be  haz¬ 
ardous  if  improperly  operated.  The  plant  contains  hazardous  chemicals  that  re¬ 
quire  special  handling  procedures  and  protection.  Conditions  require  that 
appropriate  safety  gear  such  as  hard  hats,  protective  eye  wear,  and  gloves  be 
worn. 

The  incumbent  must  pass  a  physical  examination  annually  with  medical  cer¬ 
tification  of  ability  to  wear  a  negative  pressure  regulator. 


C-43 


Federal  Facilities  Division 
New  Heating  and  Refrigeration  Plant 
Electronic  Industrial  Controls 
Mechanic 

Introduction 

The  incumbent  performs  all  preventive  and  corrective  maintenance  and  mi¬ 
nor  modifications  on  instruments  and  controls  for  boilers,  chillers,  and  auxilia¬ 
ries,  as  directed  by  the  General  Foreman.  The  position  may  require  assignment 
to  rotating  shift  work. 

The  position  is  located  in  the  New  Heating  and  Refrigeration  Plant  (NHRP). 
The  plant  is  responsible  for  the  production  of  steam  and  chilled  water  as  well  as 
the  disposal  of  sewage.  The  plant  generates  high  pressure  steam  and  chilled  wa¬ 
ter  to  supply  the  heating  and  cooling  needs  of  the  Pentagon,  Navy  Annex  [Fed¬ 
eral  Office  Building  (FOB)  2],  and  Marine  Corps  Headquarters  (Henderson  Hall). 
The  Pentagon  Sewage  Pump  Station  handles  sewage  from  the  Pentagon,  FOB  2, 
and  Arlington  National  Cemetery.  The  plant  is  in  operation  on  a  continuous, 
year-roimd  basis  and  provides  services  to  personnel  and  equipment  essential  to 
national  defense. 

Until  the  NHRP,  which  is  currently  imder  construction,  becomes  opera¬ 
tional,  the  Electronic  Industrial  Controls  Mechanic  wiU  participate  in  equipment 
and  system  reviews,  training,  walkdowns,  start-up,  and  testing  to  become  fuUy 
familiar  with  plant  controls  and  instruments  at  the  time  of  turnover. 


Major  Duties 

Performs  preventive  and  corrective  maintenance  and  first  level  diagnostics 
for  instruments,  controls,  and  electronic  devices  used  in  the  plant  systems,  in¬ 
cluding  boilers  and  chillers,  pumps,  fans,  and  auxiliary  plant  equipment.  Instru¬ 
ments  to  be  maintained  and  repaired  include  digital  and  analog  combustion 
control  systems;  smart  combustion  gas  analyzers;  combustion  air  controls;  feed- 
water  system  controls;  electronic  registers  associated  with  the  flow  monitors; 
digital  process  loop  controllers;  programmable  conductivity  transmitters  and 
programmable  bar  graph  displays;  refrigeration  system  controls;  telephone  sys¬ 
tems;  plant  heating,  ventilation,  and  air  conditioning  controls;  data  loggers;  and 
numerous  electrical,  pneumatic,  and  hydraulic  control  systems  and  subsystems. 
Devices  include  microprocessor-based  flame  safety  and  boiler  signal 
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transmitters;  analog-to-digital  (pneumatic,  hydraulic,  or  electrical  to  electronic) 
transducers;  valve  positioners;  ring  balance  meters;  differential  pressure  trans¬ 
mitters;  pneumatic  feedback  controllers;  oxygen  trim  controllers;  electronic  and 
pneumatic  temperature,  pressure,  and  flow  measuring  and  transmitting  devices; 
and  electronic/pneumatic  graph  recorders. 

Inspects,  calibrates,  and  performs  maintenance  and  fine-tuning  on  instru¬ 
ments  and  controls.  Diagnoses,  tests,  and  repairs  malfunctioning  instruments 
and  controls,  on-site  or  in  the  workshop.  Assists  in  the  investigation  of  major 
equipment  failures  where  instrumentation  or  controls  may  be  involved. 

Analyzes  various  control  systems  and  makes  adjustments  and  modifications 
to  upgrade  these  systems  to  improve  the  overall  reliability  and  efficiency  of  the 
systems  as  a  whole.  Installs  new  electronic  devices  or  control  instruments  and 
determines  time  and  material  requirements  in  advance.  Starts  up  and  debugs 
newly  installed  devices  and  systems.  Modifies  working  drawings  to  reflect 
changes  made. 

Reads  and  interprets  blueprints,  schematics,  and  manufacturers’  instruc¬ 
tions.  Traces  control  wiring  and  understands  ladder  diagrams.  Utilizes  numer¬ 
ous  types  of  pneumatic/electronic  test  instruments.  Helps  train  lower  classified 
employees.  Collects  or  directs  the  collection  and  replacement  of  recording  in¬ 
strument  charts.  Keeps  proper  inventory  of  various  charts.  Recommends  pro¬ 
curement  of  supplies  and  instruments  to  supervisor. 

Makes  recommendations  for  improvements  in  operations  and  safety  prac¬ 
tices. 

Prepares,  places,  or  removes  safety  tags  in  accordance  with  established  pro¬ 
cedures,  taking  proper  precautions  and  using  safety  equipment  to  ensure  the 
safety  of  plant  persormel  and  equipment. 


Skill  and  Knowledge 

The  incumbent  has  knowledge  of  the  theory  related  to  electronic,  electrical, 
and  pneumatic  instrumentation  and  controls  and  digital  equipment  for  indus¬ 
trial  process  applications.  This  knowledge  is  necessary  for  analyzing,  testing, 
troubleshooting,  repairing,  and  calibrating  such  devices  and  systems. 

The  incumbent  has  knowledge  of  computer  control  systems  for  industrial 
applications,  including  (1)  configuration  and  operation  of  computer  software 
and  programming  in  multitask  operating  systems  such  as  QNX  and  disk  operat¬ 
ing  systems;  (2)  network  hardware  and  software  and  communication  protocols 
(familiarity  with  Bristol  Standard  Asynchronous  Protocol  is  desirable);  (3)  fiber 
optic  data  highways;  (4)  communication  hardware,  including  serial  and  parallel 
communication  R^232  and  RS-485  connectors,  and  electronic  and  fiber  optic  mo¬ 
dems;  (5)  programmable  logic  controllers,  distributed  process  controllers,  and 
ladder  logic  and  reprogramming  of  ladder  logic  (familiarity  witii  Bristol  Babcock 
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ACCOL  programming  language  is  desirable);  (6)  486  PC  workstations  and  unin¬ 
terruptible  power  supplies;  and  (7)  microprocessor-based  monitoring  instrumen¬ 
tation  including  intelligent  digital  pressure,  temperatme,  and  level  transmitters, 
electronic  registers  associated  with  flow  monitors,  digital  process  loop  control¬ 
lers,  smart  combustion  gas  analyzers,  programmable  conductivity  transmitters 
and  programmable  bar  graph  displays.  Knowledge  of  these  systems  and  instru¬ 
ments  is  necessary  because  their  proper  functioiting  is  essential  for  the  safe  and 
efficient  operation  of  the  NHRP. 

The  incumbent  has  working  knowledge  of  central  heating  boiler  systems 
and  central  station  refrigeration  systems  and  their  operation.  This  knowledge  is 
necessary  to  understand  the  process  application  of  controls  and  instruments  in 
performing  maintenance  and  repair. 

The  mcvtmbent  is  skilled  in  the  use  of  analog  and  digital  equipment  and  of 
special  instruments  and  tools  for  calibrating  and  testing  sensitive  devices.  The 
incumbent  will  be  called  upon  to  repair/restore  controls  and  instruments  requir¬ 
ing  novel,  tmplanned  approaches  and  skills  derived  from  experience  with  a  vari¬ 
ety  of  problems. 

The  incumbent  is  qualified  to  perform  emergency  first  aid  in  the  event  of  in¬ 
juries  to  self  or  other  employees  and  has  a  working  loiowledge  of  fire  protection 
and  the  capabilities  of  fire  fighting  equipment. 


Responsibilities 

Carries  out  duties  assigned  by  the  General  Foreman.  Responds  to  requests 
made  by  shift  personnel  for  technical  assistance  in  the  operation  or  repair  of  in¬ 
struments  and  controls.  Is  responsible  for  taking  the  proper  steps  in  the  mainte¬ 
nance  of  instrumentation  and  controls.  Checks  all  repairs  of  mstruments  and 
controls  before  start-up  of  the  equipment. 

Carries  out  normal  and  routine  duties  with  minimal  supervision.  Independ¬ 
ently  takes  corrective  measures  in  response  to  abnormal  occurrences  or  malfunc¬ 
tions  and  reports  such  activities  to  the  Shift  Foreman  and  the  General  Foremein  as 
soon  as  practical. 

Properly  implements  operating  and  maintenance  procedures  following  es¬ 
tablished  work  practices.  Applies  judgment,  based  on  experience,  to  handle  ab¬ 
normal  situations.  Recognizes  emergency  situations  and  initiates  immediate 
corrective  actions  to  prevent  or  minimize  unsafe  consequences. 

Directs  others  assigned  for  assistance  in  the  proper  operation  and  mainte¬ 
nance  of  instruments  and  controls. 

Takes  responsibility,  when  assigned,  for  supervising  a  crew  in  performing 
tasks,  including  assigiung  work,  issuing  maintenance  instructions,  requisitioning 
materials  and  tools,  and  inspecting  the  job. 
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Follows  the  plant  safety  rules  and  practices,  and  develops  safe  working 
practices. 

Maintains  work  area  and  equipment  in  a  clean,  orderly  condition. 

Follows  the  plant  procedures  and  good  practices  for  the  efficient  and  eco¬ 
nomical  use,  care,  and  handling  of  operating  tools,  and  supplies. 


Physical  Effort 

Work  involves  significant  walking,  standing,  bending,  stooping,  crawling, 
climbing  of  ladders,  use  of  tools,  and  lifting  of  heavy  items  to  inspect  equipment, 
perform  repairs,  or  correct  problems. 


Working  Conditions 

The  incumbent  works  in  shops  and  operating  equipment  areas  performing 
tasks  near  the  steam  generation  equipment,  refrigeration  plant,  switchgear  cabi¬ 
nets,  sewage  pumping  station,  steam  tunnels,  manholes,  etc.  The  operating  areas 
are  noisy,  hot  or  cold,  and  dirty,  and  they  contain  moving  parts,  high  voltage 
equipment,  and  pressurized  piping  systems,  which  can  be  hazardous  if  improp¬ 
erly  operated.  The  plant  contains  hazardous  chemicals  that  require  special  han¬ 
dling  procedures  and  protection.  Conditions  require  that  appropriate  safety  gear 
such  as  hard  hats,  protective  eye  wear,  and  gloves  be  worn. 

The  incumbent  must  pass  a  physical  examination  annually  with  medical  cer¬ 
tification  of  ability  to  wear  a  negative  pressure  regulator. 
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Facility  Survey  Results 


Facility  Survey  Results 


In  an  attempt  to  benchmark  the  staffing  proposed  for  the  NHRP,  we  con¬ 
tacted  eight  other  facilities  to  determine  their  staffing  levels,  the  types  of  equip¬ 
ment  they  operate,  and  their  experiences.  The  facilities  included  those  with 
boilers  of  the  same  manufacturer  as  those  for  the  NHRP.  Four  of  the  facilities  are 
in  the  private  sector  (two  universities,  one  industrial  plant,  and  one  large  hotel) 
and  four  are  in  the  Federal  government  (diree  military  bases  and  the  General 
Services  Administration  Heating  Operation  and  Transmission  District  plants  in 
Washington,  D.C.).  Table  D-1  summarizes  the  survey  results. 

With  the  exception  of  the  GSA-HOTD  plants,  the  staffing  levels  at  all  of  the 
facilities  are  quite  low  —  one  to  three  operators  per  shift  and  modest  numbers  of 
repair  personnel.  The  total  number  of  staff  is  relatively  small  whether  the  plant 
is  simple,  consisting  primarily  of  a  few  steam  heating  boilers,  or  a  more  complex 
commercial  facility. 

The  staffing  levels  at  the  two  GSA-HOTD  plants  —  60  to  70  personnel  at 
each  -  closely  resemble  the  staffing  level  at  the  PUP.  The  equipment  at  the  GSA- 
HOTD  plants,  like  that  at  the  PUP,  is  old,  but  most  of  the  boilers  have  been  fitted 
with  modem  digital  controls  at  local  stations. 

Although  the  staffing  levels  found  in  our  limited  survey  vary  considerably, 
we  conclude  that  modem,  well-designed  plants  with  computerized  controls  can 
be  staffed  with  relatively  few  personnel,  particularly  when  loss  of  services  can  be 
tolerated.  Since  the  services  provided  by  the  NHRP  are  essential,  we  believe  that 
its  staffing  level  should  be  somewhat  higher  dian  that  in  a  comparable  facility.  A 
staffing  level  of  35  to  40  personnel  for  the  NHRP  is  reasonable  to  ensure  continu¬ 
ity  of  service. 
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Table  D-1. 

Summary  of  Survey  Results 
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Appendix  E 


Training  Hours  by  Position  and  System 


Training  Hours  by  Position  and  System 


This  appendix  details,  in  Tables  E-1  through  E-11,  the  number  of  training 
homs  needed  for  each  position  in  the  NHRP.  The  hours  are  broken  down  by 
system,  module  or  subject,  and  t5rpe  of  training  —  i.e.,  class,  walkdown,  or  plant. 
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Table  E-1. 

Training  Plan  for  Plant  Manager 
(hours) 


System 

Module 

Class 

Waikdown 

Plant 

General  arrangement 

Plant  description 

4 

4 

Steam  generation  system 

Maintenance 

Start-up,  operation,  and  control 

16 

System  overview 

2 

2 

Condensate  feedwater  system 

Maintenance 

Start-up,  operation,  and  control 

16 

System  overview 

2 

2 

Condenser  water  system 

Maintenance 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Chiller  system 

Maintenance 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Chilled  water  distribution  system 

Maintenance 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Central  distributed  control  system 

Maintenance 

Start-up,  operation,  and  control 

20 

20 

System  overview 

2 

2 

Electrical  distribution  systems 

Maintenance 

Start-up,  operation,  and  control 

4 

12 

System  overview 

2 

2 

Intrusion  detection  systems 

Maintenance 

Start-up  and  operation 

28 

System  overview 

Electronic  entry  control  system 

Maintenance 

Start-up  and  operation 

52 

System  overview 

Table  E-1. 

Training  Plan  for  Plant  Manager 
(hours)  (Continued) 


System 

Module 

Class 

Waikdown 

Plant 

Plant  paging  system 

Maintenance 

Start-up  and  operation 

System  overview 

• 

8 

Fire  detection  and  alarm  system 

Maintenance 

Start-up  and  operation 

System  overview 

■ 

Totals 

42 

18 

Notes:  Class  =  structured  study  in  classroom  led  by  an  instructor;  waikdown  =  form  of  job  performance  measure 
and  involves  training  on  specific  tasks  utilizing  a  checklist  indicating  critical  evolutions  and  required  actions;  plant  = 
operation  of  equipment  or  repair  of  equipment  under  the  guidance  of  a  qualified  person. 
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Table  E-2. 

Training  Plan  for  Operations  and  Maintenance  Manager 
(hours) 


System 

Module 

General  arrangement 

Plant  description 

Steam  generation  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Condensate  feedwater  system 

Maintenance 

Start-up,  operation,  and  control 

System  oven/iew 

Condenser  water  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Chiller  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Chilled  water  distribution  system 

Maintenance 

Start-up,  operation,  and  control 

System  oven/iew 

Central  distributed  control  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Electrical  distribution  systems 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Compressed  air  equipment 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Sewage  treatment  center 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Class  Waikdown 


Forced  hot  water  heating  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Central  air  conditioning 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Air  supply  distribution  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Ventilation  and  exhaust  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

HVAC  control 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Hydraulic  elevators 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Electric  overhead  traveling  cranes 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Monorail  and  hoist  systems 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Intrusion  detection  systems 


Maintenance 


Start-up,  operation,  and  control 
System  overview 


Table  E-2. 

Training  Plan  for  Operations  and  Maintenance  Manager  j 

(hours)  (Continued) 


System 

Module 

Class 

Waikdown 

Plant 

Electronic  entry  control  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

52 

Plant  paging  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

8 

Fire  detection  and  alarm  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

24 

Totals 

46 

18 

310 

Notes:  Class  =  structured  study  in  classroom  led  by  an  instructor;  waikdown  =  form  of  job  performance  measure 
and  involves  training  on  specific  tasks  utilizing  a  checklist  indicating  critical  evolutions  and  required  actions;  plant  = 


operation  of  equipment  or  repair  of  equipment  under  the  guidance  of  a  qualified  person. 


E-8 


Table  E-3. 

Training  Plan  for  Computer  Systems  Specialist 
(hours) 


System 

Module 

Class 

Waikdown 

Plant 

General  arrangement 

Plant  description 

4 

4 

Steam  generation  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

2 

Condensate  feedwater  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

2 

Condenser  water  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

2 

Chiller  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

2 

Chilled  water  distribution  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

2 

Central  distributed  control  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

20 

2 

2 

16 

20 

Electrical  distribution  systems 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

2 

Totals 

38 

18 

36 

Notes:  Class  =  structured  study  in  classroom  led  by  an  Instructor;  waikdown  =  form  of  job  performance  measure 
and  involves  training  on  specific  tasks  utilizing  a  checklist  indicating  critical  evolutions  and  required  actions;  plant  = 
operation  of  equipment  or  repair  of  equipment  under  the  guidance  of  a  qualified  person. 
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Table  E-4. 

Training  Plan  for  Shift  Foreman 
(hours) 


System 

Module 

Class 

Waikdown 

Plant 

General  arrangement 

Plant  description 

4 

4 

Steam  generation  system 

Maintenance 

16 

Start-up,  operation,  and  control 

16 

System  overview 

2 

2 

Condensate  feedwater  system 

Maintenance 

4 

16 

Start-up,  operation,  and  control 

16 

System  overview 

2 

2 

Condenser  water  system 

Maintenance 

4 

4 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Chiller  system 

Maintenance 

4 

4 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Chilled  water  distribution  system 

Maintenance 

2 

6 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Central  distributed  control  system 

Maintenance 

Start-up,  operation,  and  control 

20 

20 

System  overview 

2 

2 

Electrical  distribution  systems 

Maintenance 

4 

12 

Start-up,  operation,  and  control 

4 

12 

System  overview 

2 

2 

Compressed  air  equipment 

Maintenance 

Start-up,  operation,  and  control 

2 

System  overview 

Sewage  and  sump  pumps 

Maintenance 

Start-up,  operation,  and  control 

4 

System  overview 
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Table  E-4. 

Training  Plan  for  Shift  Foreman 
(hours) 


System 


Forced  hot  water  heating  system 


Central  air  conditioning 


Air  supply  distribution  system 


Ventilation  and  exhaust  system 


HVAC  control 


Hydraulic  elevators 


I  _ 

Electric  overhead  traveling  cranes 


Monorail  and  hoist  systems 


Intrusion  detection  systems 


Module 

Maintenance 

Start-up,  operation,  and  control 
system  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 
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Table  E-4. 

Training  Plan  for  Shift  Foreman 
(hours) 


System 

Module 

Class 

Walkdown 

Plant 

Electronic  entry  control  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

52 

Plant  paging  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

8 

Fire  detection  and  alarm  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

24 

Totals 

60 

18 

336 

Notes:  Class  =  structured  study  in  classroom  led  by  an  Instructor;  walkdown  =  form  of  job  performance  measure 
and  involves  training  on  specific  tasks  utilizing  a  checklist  Indicating  critical  evolutions  and  required  actions;  plant  = 
operation  of  equipment  or  repair  of  equipment  under  the  guidance  of  a  qualified  person. 
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Table  E-5. 

Training  Plan  for  Control  Operator 
(hours) 


System 

Module 

Class 

General  arrangement 

Plant  description 

4 

4 

Steam  generation  systems 

Maintenance 

Start-up,  operation,  and  control 

16 

Systems  overview 

2 

2 

Condensate  feedwater  systems 

Maintenance 

Start-up,  operation,  and  control 

16 

System  overview 

2 

2 

Condenser  water  system 

Maintenance 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Chiller  system 

Maintenance 

Start-up,  operation,  and  control 

8 

System  oven/iew 

2 

2 

Chilled  water  distribution  system 

Maintenance 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Central  distributed  control  system 

Maintenance 

Start-up,  operation,  and  control 

20 

20 

System  overview 

2 

2 

Electrical  distribution  systems 

Maintenance 

Start-up,  operation,  and  control 

4 

12 

System  overview 

2 

2 

Compressed  air  equipment 

Maintenance 

Start-up,  operation,  and  control 

2 

System  oven/iew 
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Table  E-5. 

Training  Plan  for  Control  Operator 
(hours)  (Continued) 


System 

Module 

Sewage  and  sump  pumps 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Forced  hot  water  heating  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Central  air  conditioning 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Air  supply  distribution  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Class  Waikdown  Plant 


HVAC  control 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Hydraulic  elevators 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Electric  overhead  traveling  cranes 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Monorail  and  hoist  systems 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

20 

12 

16 

Table  E-5. 

Training  Plan  for  Control  Operator 
(hours)  (Continued) 


System 

Module 

Class 

Waikdown 

Plant 

Intrusion  detection  systems 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

24 

28 

Electronic  entry  control  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

52 

Plant  paging  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

8 

Totals 

42 

18 

278 

Notes:  Class  =  structured  study  in  classroom  led  by  an  instructor;  waikdown  =  form  of  job  performance  measure 
and  involves  training  on  specific  tasks  utilizing  a  checklist  indicating  critical  evolutions  and  required  actions;  plant  = 
operation  of  equipment  or  repair  of  equipment  under  the  guidance  of  a  qualified  person. 


Table  E-6. 

Training  Plan  for  Electronics  Industrial  Controls  Mechanic 
(hours) 


System 


General  arrangement 


Steam  generation  system 


Module 


Class  Waikdown  Plant 


Plant  description 


Maintenance 


Start-up,  operation,  and  control 
System  overview 


Condensate  feedwater  system 


Maintenance 


Start-up,  operation,  and  control 


Condenser  water  system 


Chiller  system 


System  overview 


Maintenance 


Start-up,  operation,  and  control 
System  overview 


Maintenance 


Start-up,  operation,  and  control 


System  overview 


Chilled  water  distribution  system  Maintenance 


Start-up,  operation,  and  control 
System  overview 


Central  distributed  control  system  Maintenance 


Start-up,  operation,  and  control 
System  overview 


Electrical  distribution  systems 


Central  air  conditioning 


Maintenance 


Start-up,  operation,  and  control 


System  overview 


Maintenance 


Start-up,  operation,  and  control 
System  overview 


Air  supply  distribution  system 


Maintenance 


Start-up,  operation,  and  control 


System  overview 


Table  E-6. 

Training  Plan  for  Electronics  Industrial  Controls  Mechanic 
(hours)  (Continued) 


Summary 

Module 

Class 

Waikdown 

Plant 

Ventilation  and  exhaust  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

12 

HVAC  control 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

16 

Hydraulic  elevators 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

4 

Intrusion  detection  system 

Maintenance 

Start-up,  operation,  and  control 

System  oven/iew 

24 

28 

Electronic  entry  control  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

40 

52 

Plant  paging  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

4 

4 

Fire  detection  and  alarm  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

17 

12 

Totals 

60 

18 

399 

Notes:  Class  =  structured  study  in  classroom  led  by  an  instructor;  waikdown  =  form  of  job  performance  measure 
and  involves  training  on  specific  tasks  utilizing  a  checklist  Indicating  critical  evolutions  and  required  actions;  plant  = 
operation  of  equipment  or  repair  of  equipment  under  the  guidance  of  a  qualified  person. 


Table  E-7. 

Training  Plan  for  General  Foreman 
(hours) 


System 

Module 

Class 

Waikdown 

Plant 

General  arrangement 

Plant  Description 

hh 

IBH 

Steam  generation  system 

Maintenance 

16 

Start-up,  operation,  and  control 

16 

System  overview 

2 

2 

Condensate  feedwater  system 

Maintenance 

4 

16 

Start-up,  operation,  and  control 

16 

System  overview 

2 

2 

Condenser  water  system 

Maintenance 

4 

4 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Chiller  system 

Maintenance 

4 

4 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Chilled  water  distribution  system 

Maintenance 

2 

6 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Central  distributed  control  system 

Maintenance 

Start-up,  operation,  and  control 

20 

20 

System  overview 

2 

2 

Electrical  distribution  systems 

Maintenance 

4 

12 

Start-up,  operation,  and  control 

4 

12 

System  overview 

2 

2 

Compressed  Air  Equipment 

Maintenance 

2 

Start-up,  operation,  and  control 

2 

System  overview 

Sewage  and  sump  pumps 

Maintenance 

4 

Start-up,  operation,  and  control 

4 

System  overview 
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Table  E-7. 

Training  Plan  for  General  Goretnan 
(hours)  (Continued) 

System 

Module 

Forced  hot  water  heating  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Central  air  conditioning 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Air  supply  distribution  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Ventilation  and  exhaust  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

HVAC  control 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Hydraulic  elevators 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Electric  overhead  traveling  cranes 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Monorail  and  hoist  systems 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Intrusion  detection  systems 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Class  Waikdown  Plant 


Table  E-7. 

Training  Plan  for  General  Foreman 
(hours)  (Continued) 


System 

Module 

Class 

Waikdown 

Plant 

Electronic  entry  control  system 

Maintenance 

40 

Start-up,  operation,  and  control 

52 

System  overview 

Plant  paging  systems 

Maintenance 

4 

Start-up,  operation,  and  control 

4 

System  overview 

Fire  detection  and  alarm  system 

Maintenance 

12 

Start-up,  operation,  and  control 

12 

System  overview 

Totals 

60 

18 

478 

Notes:  Class  =  structured  study  In  classroom  led  by  an  Instructor;  waikdown  =  form  of  job  performance  measure 
and  involves  training  on  specific  tasks  utilizing  a  checklist  indicating  critical  evolutions  and  required  actions;  plant  = 
operation  of  equipment  or  repair  of  equipment  under  the  guidance  of  a  qualified  person. 
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Table  E-8. 

Training  Plan  for  Repair  Mechanic 
(hours) 


System 

Module 

Class 

Waikdown 

Plant 

General  arrangement 

Plant  description 

4 

4 

Steam  generation  system 

Maintenance 

16 

Start-up,  operation,  and  control 

16 

System  overview 

2 

2 

Condensate  feedwater  system 

Maintenance 

4 

16 

Start-up,  operation,  and  control 

16 

System  overview 

2 

2 

Condenser  water  system 

Maintenance 

4 

4 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Chiller  system 

Maintenance 

4 

4 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Chilled  water  distributed  system 

Maintenance 

2 

6 

Start-up,  operation,  and  control 

8 

System  overview 

2 

2 

Central  distributed  control  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

2 

Electrical  distribution  systems 

Maintenance 

Start-up,  operation,  and  control 

4 

12 

System  overview 

2 

2 

Compressed  air  equipment 

Maintenance 

2 

Start-up,  operation,  and  control 

2 

System  overview 

Sewage  and  sump  pumps 

Maintenance 

4 

Start-up,  operation,  and  control 

4 

System  overview 
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Table  E-8. 

Training  Plan  for  Repair  Mechanic 
(hours)  (Continued) 


System 

Module 

Class 

Waikdown 

Plant 

Forced  hot  water  heating  system 

Maintenance 

8 

Start-up,  operation,  and  control 

8 

System  overview 

Central  air  conditioning 

Maintenance 

4 

Start-up,  operation,  and  control 

4 

System  overview 

Air  supply  distribution  system 

Maintenance 

20 

Start-up,  operation,  and  control 

20 

System  overview 

Ventilation  and  exhaust  system 

Maintenance 

12 

Start-up,  operation,  and  control 

12 

System  overview 

HVAC  control 

Maintenance 

16 

Start-up,  operation,  and  control 

16 

System  overview 

Hydraulic  elevators 

Maintenance 

4 

Start-up,  operation,  and  control 

4 

System  overview 

Electric  overhead  traveling  cranes 

Maintenance 

4 

Start-up,  operation,  and  control 

4 

System  overview 

Monorail  and  hoist  systems 

Maintenance 

4 

Start-up,  operation,  and  control 

4 

System  overview 

Intrusion  detection  systems 

Maintenance 

24 

Start-up,  operation,  and  control 

28 

System  overview 
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Table  E-8. 

Training  Plan  for  Repair  Mechanic 
(hours)  (Continued) 


System 

Module 

Class 

Waikdown 

Plant 

Electronic  entry  control  system 

Maintenance 

40 

Start-up,  operation,  and  control 

52 

System  overview 

Plant  paging  system 

Maintenance 

4 

Start-up,  operation,  and  control 

4 

System  overview 

Fire  detection  and  alarm  system 

Maintenance 

12 

Start-up,  operation,  and  control 

12 

System  overview 

Totals 

36 

18 

446 

Notes:  Class  =  structured  study  In  classroom  led  by  an  instructor;  waikdown  =  form  of  job  performance  measure 
and  involves  training  on  specific  tasks  utilizing  a  checklist  indicating  critical  evolutions  and  required  actions;  plant  = 
operation  of  equipment  or  repair  of  equipment  under  the  guidance  of  a  qualified  person. 
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Table  E-9. 

Training  Plan  for  Pipefitter-Welder 
(hours) 


System 

Module 

Class 

Waikdown 

Plant 

General  arrangement 

Plant  description 

■■B 

IIBH 

Steam  generation  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

2 

Condensate  feedwater  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

■ 

Condenser  water  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

2 

Chiller  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

2 

Chilled  water  distributed  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

2 

Central  distribution  control  system 

Maintenance 

Operation 

System  overview 

2 

2 

Electrical  distribution  systems 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

2 

2 

Totals 

18 

18 

Notes:  Class  =  structured  study  in  classroom  led  by  an  instructor;  waikdown  =  form  of  job  performance  measure 
and  involves  training  on  specific  tasks  utilizing  a  checklist  indicating  critical  evolutions  and  required  actions;  plant  = 
operation  of  equipment  or  repair  of  equipment  under  the  guidance  of  a  qualified  person. 
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Table  E-10. 

Training  Plan  for  Electrician 
(hours) 


System 

Module 

General  arrangement 

Plant  description 

Steam  generation  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Condensate  feedwater  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Condenser  water  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Chiller  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Chilled  water  distribution  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Central  distributed  control  system 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Electrical  distribution  systems 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Compressed  air  equipment 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Sewage  and  sump  pumps 

Maintenance 

Start-up,  operation,  and  control 

System  overview 

Class  Waikdown  Plant 


Table  E-10. 

Training  Plan  for  Electrician 
(hours)  (Continued) 


System 


Forced  hot  water  heating  system 


Central  air  conditioning 


Air  supply  distribution  system 


Ventilation  and  exhaust  system 


HVAC  control 


Hydraulic  elevators 


Electric  overhead  traveling  cranes 


Monorail  and  hoist  systems 


Module 

Maintenance 

Start-up,  operation,  and  control 
System  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 
Maintenance 

Startup,  Operation  &  Control 
System  overview 
Maintenance 

Startup,  Operation  &  Controi 
System  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 
Maintenance 

Start-up,  operation,  and  control 
System  overview 


Intrusion  Detection  Systems 


Maintenance 

Start-up,  operation,  and  control 
System  overview 


24 

28 
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Table  E-10. 

Training  Plan  for  Electrician 
(hours)  (Continued) 


System 

Module 

Class 

Waikdown 

Plant 

Electronic  entry  control  system 

Maintenance 

40 

Start’Up,  operation,  and  control 

52 

System  overview 

Plant  paging  system 

Maintenance 

4 

Start-up,  operation,  and  control 

4 

System  overview 

Fire  detection  and  alarm  system 

Maintenance 

12 

Start-up,  operation,  and  control 

12 

System  overview 

Totals 

40 

18 

458 

Notes:  Class  =  structured  study  in  classroom  led  by  an  instructor;  waikdown  =  form  of  job  performance  measure 
and  involves  training  on  specific  tasks  utilizing  a  checklist  Indicating  critical  evolutions  and  required  actions;  plant  = 
operation  of  equipment  or  repair  of  equipment  under  the  guidance  of  a  qualified  person. 


Table  E-11. 

Training  Plan  for  Administrative  Staff 
(hours) 


System 

Module 

Class 

Waikdown 

Plant 

General  arrangement 

Plant  description 

4 

4 

Totals 

4 

4 

Notes:  Class  =  structured  study  in  classroom  led  by  an  instructor;  waikdown  =  form  of  job  performance  measure 
and  involves  training  on  specific  tasks  utilizing  a  checklist  indicating  critical  evolutions  and  required  actions;  plant  = 
operation  of  equipment  or  repair  of  equipment  under  the  guidance  of  a  qualified  person. 


E-28 


